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PREF AC E, 


HE following ſheets are intended as an 
Appendix to the ſecond Engliſh Edition 
of M. Macquer's Dictionary of Chemiſiry, 
inſtead of the Article, Fixable Air, which Was 
added to the former Edition. This Subject has 
been lately { ſucceſsfully cultivated, fince the 
writing of that Article, that a revifal and large 
additions were neceffary : but theſe not having 
been finiſhed in time for inſertion into their 
proper alphabetical place, when the ſecond edi- 
tion of the Dictionary was prititing, and being 
beſides too large for an additional article, the 
u e treatiſe 1 18 ſubjoined as an Appendix, 
| The name of the ſubjeck 1 changed from 
thoſe commonly employed, viz. Fixable, Fixed, 
or Factilious Air, to that of Gas: and perhaps 
this liberty may be thought to require ſome 
apology. The itnpropriety of applying the 
word Air to all permanently elaſtic Fluids is 
evident, from conſidering that this word has 
been immemorial] y appropriated to expreſs only 
IT A 2 „ 


6 kinds yet known. Neither 1 is the Etymology | 


"vv. PREFACE. 
one of theſe, namely, the Atmoſpherical Fluid, 
and that the other elaſtic fluids are very diffe- 
kent in moſt of their properties, although they 
have been frequently confounded with it. The 
impropriety could not be greater, if all /iquids 
were confounded under the name of Water. 1 
And prohably the firſt diſcoverer of other — 
Iquids committed this impropriety. Oil he 
might call inflammable water; and vinegar, 
acid water. How much the acquifition' of 
| Science is obſtructed by impropriety of terms, 
1s well known : and therefore, although thoſe 
Authors, to whom the philoſophical World is 
obliged for the advancement of their know ledge | 
on this ſubje&, have generally employed the 
terms already 1 in uſe, and to which they them: 
ſelves have been familiariſed; yet it is ſcarcely 
pardonable in a ſyſtematic Author, who col- | 
lects the knowledge already attained, and who ‚ 
writes chiefly for learners, to uſe expreſſions 
avowedly 1 improper, and capable of mifleading 
:. the Judgment. But the liberty which I take will 
appear more allowable, when it is conſidered that 
| the word Gas is not newly invented, but has 
been applied to denote theſe fluids by Van Hel. 
mon, who firſt deſcribed clearly moſt of the. 
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of the word exceptionable, as it ſignifies. that 
babbling appearance Which is exhibited when 
theſe elaſtic fluids are diſengaged from any 
quid. The number 0 of the Fluids firſt 
deſcrib- 
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deſeribed and diſtinguiſhed by this moſt inge- 
nious Author is ſo conſiderable, as to give to 


him the beſt right of impoſing a name. 


It has indeed kn lately ſugreſted t that 2 


H elmont did not diſtinguiſh permanently elaſtic 
fluids from condenſable vapours and exhalati- 
ons. But 1 think a very different opinion will 
be formed upon examining his works, in which 
the following propoſitions are maintained. 


1 Certain fluids (to which he firſt gave t the 
nacke of Gas) eſcape from various ſubſtances, 
and 1 in various operations. See an enumeration 

of the principal gaſes mentioned by Van Hel- 


mont, in a note ſubjoined to Pa. 3 3d of the, 
| omg Treatiſe, | 


2 "Theſe Gaſes di r 7 vapour, which con- 


ſiſts of minute particles of water or other li- 
= quids, and which may be again reduced to the 
ſame bodies whence. it was exhaled ; whereas 
15 gaſes are incondenſable [quod i in cor pus non cogi 
pole eſt vk Bile; and incoagulabile.] De Natibus 


TN LY Pai alle, 2285 99. Aura vital. * Thus 
| he 


$ -:1 1 * 
„ '% 


*He ſays eg ed that the vapour of water. when raiſed into the 


upper regions of the air may, by cold, be converted into gas; 
and that gas may in lengrh of time loſe its peculiar nature of gas 
and be converted into waters But this opinion is only a conſe- 


quence of his general Theory, that Water and Air are the two 


elements from which all things are formed. Gas aque $ 13. . 


Com lex. atg. . Mon. elem. zn. K. 38. 
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he obſerves, that the vapour raiſed from ins 
of nitre by diſtillation, is nothing but that ſpi- 


tit rarefied, which paſles wholly. into the re- 


ceiver, without any gas: but that upon adding. 
any metal ſoluble in that acid, a Gas is form- 


ed which is capable of burſting the ſtrongeſt 
veſſels. De flatibus J 67. This gas 18 evidently 


that which is now ſo nil known by the name 
of Nitrous Air, and which we have deſcribed iq 
chap. 10. under the name of Nut Gas. 


3. The Gaſes differ 405 from atmoſpherical ar 


(eich however he calls ſometimes gas ventos' 


fum) ahd are not to be conſidered : as air which 
had been pent up in the interſtices of bodies, | 
Complexion. atq. Dion. elem. Am. $ t 19. it 


* 
44 * ks. 


4. Gaſes do not ex: Nt, as ſuch, in, the _ . 


. whence they are expelled; but are new Produce. L 
vions formed, by the action of fermentation, fire, 


185 9 


and other cauſes, from the deſtruction af bodies, 
and by means of tiew combinations. . Thus he | 
obſerves that the gas formed. i in the deflagrati- 
on of guti- powder, did not exiſt | in the nitre, 
5 ful Phur, aud charcoal, but is formed by their 
action on cach other, and mutual deſtruction. +: 


De Habib. F 62, 63. 67, 68. Eee my 


ns ar elem. n. K 21, Kc. Tit 


th believe the following Prancith.. is Re firſt 


attempt to arrange the knowledge which we 


* 


have 


have acquired on this ſubject, the gentlemen to 
whom we are obliged for this knowledge, hav- 


ing only communicated their proper diſcove- 
ries. Neither ſhould J, at this time. when this 


g | branch of Experimental Philoſophy 1s generally 
1 cultivated in many parts of Europe, and every 
L day-brings forth new truths, have thought of- 
i} the preſent taſk, if it had not been a neceſſary 


ſupplement to the edition of the Dictionary of 
Chemiſtry now publiſhed. M. Lavoiſier has 
indeed given an account of the progreſs made 

by the ſeveral philoſophers who have advanced 
ö knowledge on the ſame ſubjects. | But his 
plan is very different from mine. He relates 


the diſcoveries in the order in which they oc 
ö curred to their authors; thus including in one 
chapter all the diſcoyeries made by one man 
4 concerning many different kinds of fluids. * 


relate theſe diſcoveries in the order in which 
they are naturally connected; thus collecting 
into one chapter all that is W concerning 
one Fluid; and at the ſame time afſigning each 
1 diſcovery, concerning this Fluid, to its proper 
Author. . Lavoifier's work is uſeful and en- 
tertaining, eſpecially to thoſe who are already 
$ converſant on the ſubject, as it ſhews how much 
2 each perſon has contributed. Mine I hope will : 
not be leſs uſeful, as it preſents the Science in 1 

I the order in which it may be moſt eaſily at- 
| * tained, But while I expreſs my hope that it 
may fact! tate the ſtudy of this ſubject to learn- 
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ers, and may even be agreeable to perſons als 
ready informed, by exhibiting under one view 


the principal diſcoveries and obſervations ar- 
; ranged under their proper heads, yet my aim 


1s not to ſatisfy the curicfity of readers, but ra- 
ther to excite it, fo that they may recur to the 


fame valuable originals, of which I have rather 
extracted the heads, than exhauſted the con- 
tents; and where they will find many Ovicr- 

vations tending to confirm the principal Re- 


ſults ; many Facts curious, but too detached for 
inſertion 1 in the following pages; and much 1 in- 


* Speculation, 
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CH A P. I. 
Daelim and Emmeration of Gaſes, 


OST b perhaps all, ſubſtances, ſolid and 
liquid, may, by heat, more or leſs intenſe, 
be converted into vapours, that is, fluids 


exceediogly rare, inviſible, and highly elaſtic. Thus 
when water is expoſed to a heat ſufficient to raiſe the 
mercury in Fahrenheit's thermometer to 212, it be- 
comes gradually changed into ſuch a vapour; and 
the water thus changed, while it continues expoſed to 
that temperature, remains in rare, inviſible and 
_ elaſtic ſtate, 
Several ſubſtances which were formerly thouglit ; 
unaltetable by fire, have been lately diſcovered to 
be ſuſceptible of evaporation, when expoſed to a heat 
ſufficiently intenſe. Diamonds have been ſhewn by 
the French Academicians to be evaporable by a heat 
not much more intenſe than that uſed in the cupella- 
B _— tion 


2 Definition and 


tion of ſilver. Gold and filver are faid to have bee 
elevated by the heat of a concave mirror. 

2. Many of the ſubſtances thus volatilized, or con- 
verted into the ſtate of vapour, by heat, may be again 
condenſed into concrete, or palpable and viſible lub. 
ſtances, by expoſing them to a heat leſs intenfe than 
that which was neceſſary to produce their evaporation. 
Thus when the vapour of water is expofed to ſome 
degree of heat leſs than 212%, it loſes its great elaſti- 
city, and bulk; and is again condenſed, that is, re- 
_ Quced to its original ſtate of a liquid. 


3. Several other highly elaſtic, inviſible, rare fluids 
cannot, by the cold of the atmoſphere, or by any 
degree of cold to which they have hitherto been 
1 to be expoſed, be thus condenſed: Such is 
the Air which we breathe, and ſuch are the elaſtic 
fluids, which eſcape from wine ,and other fermenting 
liquors, and from the e mixtures of aclds 
and alkalis. | 

Theſe Fluids are called permanently 2 becauſe 
| they cannot like thoſe mentioned in & 2, be deprived 
of their N 17 cold i N 5700 are alſo called Gas 

| by | 


* 


+ Buff fo pplement, Tome gme, 
The Fluids called permanently elaſtic, may he fixed, abſorbed, 

or deprived of their elaitieny, by being combined with certain ſubs 
ſtances; as warer and calcareous earth; The permanency of their 
claſticity is therefore to be underſtood only relatively to the effects 
: of cold, and indeed of that degree only of eold which has been his 
| therto applied to them; for poſſibly ſome or all of thoſe Gaſes which 
have hitherto reſiſted any cold to which they have been obſerved to 
be expoſed, might be condenſed by ſome degree of cold more 
intenſe, | | ES ri | | 


2 


F 


by 


© Fuuneration of Gaſes; „ 


by Van Helmont, who diſcovered many kinds of theſe 
Fend elaſtic fluids. 8 


4. A Gas may therefore be defined © an kxcExp- 


© INGLY RARE, HIGHLY ELASTIC, INVISIBLE FLvip, 


be NOT CONDENSIBLE BY cobb.“ 


$ Van is deſcribes his Gas Sylveſtre to be an inviſible 
and incondenſible F luid, incoercibile et guod in corpus non cogi potſt 
wifibile, The word Gas is derived from the German Gaſcht, which 


Ggnifles a frothy ebullition, ſich as accompanies the expulfion of 


Gas from efferveſcing and fermenting ſubſtances. (See Funckert 
conſpectur Chem. 1.) Mr. Boyle, and other Engliſh authors, who 
have cultivated this branch of Natural Philoſophy, conſidering the 
ſereral permanently elaſtic fluids which they obtained from different 
ſubſtances, as the atmoſpherical air, which they ſuppoſed to exiſt 


in a fred or unelaſtic ſtate in certain ſubſtances, till it was diſlodged 


by artificial proceſſes, or thinking that the word Air might be ap- 


plicable to any permanently elaſtic fluid, have deſcribed theſe fluids 
under the names, Factitious Air, Fixed or Fixable Air; to which 
- latter experimentaliſts have added Ia ammable Air,Nitrous Air, Sc. 


But as theſe names lead to an opinion, which has not been proved, A 


nor ſeems probable; that the permanently elaſtic fluids are modifi- 


eations of the atmoſphere which environs our globe, to which the 
name Air has been immemorially appropriated, I follow Yan Hel. 
mont, the diſcoverer of many of the known kinds of theſe fluids, 


in comprehending all that are elaſtic, invifible, and incondenſible 


by cold, under the general name Gaz, (the etymology of which is 
not very exceptionadle) and in diſtinguiſhing the ſeveral kinds by 
deſcriptive epithets, as, Vinous Gas, Nitrous Gas, In flammalle 


Gas, &c. 


Among the many Gaſes mentioned by Van Helmont, are the Gas 
wentoſum, or atmoſpherical Air ; the Gas pingue, or the Gas extri- 


cated by applying heat to inflammable ſubſtances; the Gas Sylve/t; 25 


or the Gas produced from fermenting, and efferveſcing ſ ubſtances; © oY 
the Gas fammeum, or the Gas produced in the deflagration of nts 
tre; the Gas produced in the diſtillation of zartar ; the Gas pro- 


duced in the burning of charcoal; the Gas of the gro/ta del cane, 


and ſubterranean places, as mines; the Gas produced by the 
putrefrcion of animal bodies; the matter which produces the plague z 


the arterial Ni of life ; and laſtly, his celebrated Archeus, 


1 | Tho 


4 Enumeration of Gaſes. 


5. The various kinds of Gas hitherto diſcovered, 
| native or produced by art, are enumerated below. 
1 heſe ſhall be treated ſucceſſively. More kinds will 
probably be diſcovered by means of future experi- 
ments and obſervations; and perhaps ſome of theſe 
5 : now diſtinguiſned, may be hereafter ſhewn to be of 
bil the ſame kind. : | | 
6. 1. Atmoſpherical Gas, or, to 
2. Vinous Gas; or the Gas extricated from ſubſtances 


* 
au CCA ae ts.” 


Ii | undergoing the vinous fermentation. 

5 50 3. The Gaſes expelled from ſubſtances undergoing 

it dhe putrefaclive fermentation, 

in ' 4. The Gaſes obtained from animal and vegetable 
| 


ſubſtances by means of fire. 


5. Calcarecus Gas; or, the Gas expelled by Gre, or : 
by acids, from calcareous and alkaline ſubſtances. # 
6. Gas obſerved in mines. 


7. Gas contained i in waters, eſpecially thoſe called | 
mineral. 


8. Viriec acid Gas, 
9. Nitrous acid Gas. 
| 10. Nitrous Gas. 
=_ - 11. Marine acid Gas. 
U « Inflamma'le Gaſes. 
1 3. 2 Pulminating Gaſes. 
14. Gas obtained by reviving metallic calaes. 
15. Alkaline Gas. 
16. Other kinds of Gaſes. 
The above enumeration of Gaſes i 18 meal des s 
duced from their origin, or effects. Our knowledge 
of thele fluids is not yet ſufficiently extenfive and 


accurate to admit of a more perfect arrangement or 
claſſification according to kbeir component parts. 
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H. . 
On Atmoſpherical Gas, or Air. 
. Tineſpberica Cas, or common Air, is the inviſible, 
inſipid, inodorous, pellucid, ſonorous, elaſtic 


fluid that ſurrounds our Globe. Phyſical writers have 
treated copiouſly on its gravity, elaſticity, and other 


mechanical qualities. Its chemical properties have 
been diſcuſſed at the article Air of the Dictionary of 
; Chemiſiry. Here therefore ſome ſupplemental obſer- 


vations only ſhall be added, concerning its SFeclicns 


by different ſulſtances, and its conſtitution. 


8. Air is capable of combining with various ſulſtances. 


105 Hence the atmoſphere is replete with diverſe exhala- 
tiors, and with all thoſe matters which the air can 


diſſolve: and its properties are affected by the quan- 


; tity and kind of foreign particles contained in it. 


9. Water is one of thoſe ſubſtances which Air is ca- 


pable of diſſolving; and accordingly more or leſs of this 
liquid is always contained in the atmoſphere; as 
appears from the moiſture imbibed by dry cauſtic 


alkali expoſed to air, or by the condenſation of 
moiſture on the external ſurface of a veflel in 
which artificial cold is produced by mixture of falt 


and ſnow, Probably no part of the atmoſphere is ever 
free from a portion of diſſolved water, beſides the 
_ watery particles that float vi6!ly, kor water diſlolved 
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6 Atmoſpherical Gas, or 
in air is inviſible) forming clouds, and fogs; all which 
are mechanically ſuſpended in the lighter atmoſphere, 


as gold: leaf is in water, and not chenicalh combined 
with the air, 


Some philoſophers have attributed the riſe of erba- 
| lations to che diſſolving property of air, exerted upon 
the moiſture on the ſurface of the earth. But although 
this cauſe may concur, it does not ſolely or principally 


produce this phenomenon ; for water is known to eva- 


porate nc only in air, but alſo in vacuo, 


10. As water is capable of being diſſolved by air, 
and thereby diffuſed through the maſk of the atmo- 


ſphere, fo alſo is air capable of being alſorled by water, 
and the air thus abſorbed ſeems to loſe part of its 
elaſticity. Thus if water be deprived by boiling of all 
tae air or other Gas contained in it, and afterwards be 
expoſed to the atmoſphere, it will abſorb ſome air, 
And if a bubble of air be admitted into an inverted 
bottle filled with boiled water, the whole quantity of 
air will be abſorbed, provided the bubble of air be not 
larger than is requiſite to laturate the quantity of water 


employed. l 


The quantity of air capable of being forked by a 
given quantity of water, is according to Dr. Hales, 
equal in bulk to zuth part, and according to Nollet, 
to th part of the water employed. 1 


=” This abſorption of air by water has het venerally ſaid to oc- 


caſion no ſeylible encreaſe of the bulk of the liquid. Mufchenhrook 
however obſerves that the air abſorbed by water does add a very 
Lille to the bulk of the water ; but that any difference it may pro- 
duce in the ſpecitic gravity of the liquid is ſo ſmall that it can ſcaree- 
y be dilcovered by experiments. Iutrod. & 148 1. | 


7 We need not wonder that a ſubſtance ſo rare and elaſtic as air 


ou! d be thus united to water, and by the union be deprived of the 


greateſt. 


11. Air 
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11. Air promotes the combujiion of inflammable bodies ; 
and the air thus empl&yed is altered by the operation. 
Thus when charcoal or other inflammable ſubſtance is 
burnt, the air in which this combuſtion happened, 
becomes poſſeſſed of properties very different from 
thoſe of common air. 
12. Air thus altered by burning ſubſtances becomes 1, 


in bulk than it was before the alteration, as Mr. Boyle 


has obſerved. Thus, when lighted candles or other 
kindled ſubſtances are put under a receiver, the mouth 
of which is inverted and immerſed in a veſſel filled 


with water, they burn a little while, longer or ſhorter, 
according as the quantity. of air is greater or leſs rela- 


tively to the quantity of ſubſtance actually in combuſ- 


tion at a time. When they have ceaſed to burn, the 


I water 


greateſt part of its elaſticity this phenomenon being conſentaneous 
with the general analogy of chemical ſolutions or combinaticns. 
For in all chemical ſolutions, the integrant parts of one body are 
divided and ſeparated by thoſe of the other component body. Thus 


__ the particles of air are ſeparated from each other by the particles of 
water. But elaſticity or expanſive force cannot be conſidered as the 


property of any fiagle particle, for it implies two particles, at 


leaſt, endeavouring to recede from each other. The particles 


therefore of air being conſiderably disjoined from each other, and 
engaged with thoſe of water, may have their expanſive power ſo 


much weakened, that they yield to the combining powe of water. 


The elaſticity however of air abſorbed by water is not deſtroyed, 


but only diminiſhed ; for by the application of heat, or by remov- 


ing the preſſure of the atmoſphere, the air recovers its expanſive 


force, and diſengages itſelf from the water. Thus M. de Luc ob- 
ſerved, when he was making thermometers with different liquors, | 


that theſe liquors which had been Geprived by boiling of much of 
their contained Air or other Gas, did nevertheleſs ex tin gradually, 


: and riſe many degrees in the ſtems of the thermometers, when the 
preſſure of the atmoſphere was removed, and that this expantion 


took place long before any bubbles appeared. See Ne I 
Ja mod fication de 1 berg. 1 230, 
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water within the receiver may be ſeen to rife higher 
than it was before the combuſtbn, as ſoon as the in- 
cluded air has loſt the heat it had received from the 
burning ſubſtance. The greater height of the water 
within the receiver after than betore” the combuſtion 


news that the included air preſſes with leſs force on 
the ſurface of the water than the external air does; 


and conſequently is reduced to a ſmaller pace than 
it occupied before the combuſticn, 
This diminution of the preſſ ure, or of the Bulk of the 


quantity of air contained in the receiver, occaſioned 


by the combuſtion of inflammable ſubſtances, may 
depend upon a diminution of the quantity of this elaſtic 
fluid by abſorption, or by precipitation of part of it, or 


upon a diminution merely of its elaſticity, while ths 


quantity remains the ſame. Dr, Hales conſiders it as 
a diminution of the elaſticity of the contained air: 
but Dr. Prieſthy is inelined to think, that it is a diminu- 


tion of the quantity of air, ſome part being precipi- 


tated; and he is induced to this opinion, fn his not 


having been able to find any canſiderable alteration in 


the ſpecific cravity of the air in which candles or 
brimſtone had burnt. From ſeveral trials purpoſely 
made he thinks that this diminiſhed air was not hea- 
vier, but rather lighter than common air, 1. 46, and 
267, II. 94. . 


Dr. Hales obſerved that the air continued to diminiſh 


* 


under the receiver ſeveral days after the extinction of 


the candles. This continued diminution may proba- 
bly have been occaſioned by a gradual abſorption of 
ſome part of the air by the water in which the inverted 
receiver was immerſed; for Dr. Prieſeh remai ks, that 


* this diminution of air by burning is not always im- 


* mediately apparcaty ul the air has palted ſeveral 


_ times 
7 


be both, ang We Dr. Priefly to be x5 or ith. 


i 


Air. N 


e times through water; and that when the expe- 
* riment was made with veſſels ſtanding in quickſilver 
#5 inſtead of water, the diminution was generally in- 
* conſiderable till the air had paſſed through water.“ 
p. 46. 


Air altered by burning ſubſtances occaſions a preci- 
pitation in lime water. It appears therefore that by 
combuſtion ſome Gas is produced which is capable of 


uniting with the quicklime diſſol ved in the lime- water. 


Whether this Gas proceeds from the combuſtible body 
employed, or from ſome precipitation of part of the 


air, or be a compound reſulting from the union of ſome 
part of the inflammable body with the air or any of its 
component parts, has not yet been aſcertained.“ 
When this Gas has been abſorbed by water or by 


lime- water, the remaining part of the air is alſo noxious 


and unfit for maintaining flame. 


Air diminifhed by rn ſubſtances is no langer 5 


of maintainin; fro. Dr. Deſaguliers obſerves that Air 
which had paſſed through burning coals into an ex- 
hauſted receiver immediately extinguiſhed flame. 


Air is not capable of ſufferins more "than a limited dimi- 


nution by burning ſuſtances. The diminution of the 


bulk of a quantity of air included in a receiver in which 


a candle was allowed to burn as long as it could, was 


found by Dr. Hales to be equal to th part of the 
whole quantity of included air, and by Dr. Mayo to 


1 his 


* This Gas cannot be produced from an inflammable body merely 


by heat without combuſtion; for when the focus of a burning glats 


was thrown on a bit of charcoal ſuſpended in a receiver filled with 


any other Gas than common air and inverted into a veſſel containing 
lime-water, no precipitation of the lime-water was occalioned. 


722 J. 136. 
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10 Aumoſpberical Gas, or 

This diminution is obſerved to vary in different cir- 
cumſtances. Dr. Hales obſerved that air ſuffered. a 
greater diminution in equal receivers by large, than by 
ſmall candles; and alſo wis equal candles, in ſmall, 
than in large receivers. Probably the candles extin- 
guiſh as ſoon as all the air in contact with, or near 
their flame, has ſuffered its alteration; for by other 
modes of combuſtion, the air has been made to ſuffer 
a much greater diminution. Thus Mr. Cavendiſh 
found that air was diminiſhed 4th by paſling 
through an iron tube filled with red hot Saha of 
charcoal. ( Priefily, I. 129.) 

And Dr. Prieftly has diminiſhed the air - much more 

by throwing the focus of a lens or of a concave mir- 
ror, upon a bit of charcoal ſuſpended in a receiver. 
1. p. 47. 
I have produced a diminution equal to th part of 
the included air by making the candle while it burns 
move quickly through the different parts of the invert- 
ed receiver, and thereby bringing the flame into contact 
with more of the air, than 5 the candle remains - 
in one ſituation till it extinguiſhes, 
13. Air promotes the calcination of Metals; and it is 
alſo diminiſhed by this operation, which is conſidered 
by Chemiſts as a ſpecies of combuſtion or ſlow inflam- | 
mation. : 

This diminution, like that effected 971 burning ſub- 
ſtances, cannot be carried beyond a certain proportion to 
the whole quantity of air employed. Accordingly, Father 
Beccaria found by expofing filings of lead and tin 
to heat in veſſels hermetically ſealed, that only a part 
of theſe metals could be calcined, and that this part 
was proportionable ro the capacity of the veſſels em- 
Ploy ed. [Mem. de Acad. de 7 urin 11. 1 W 
| 1 


1 


Air, mi 
After the air bas ſuffered its utmoſt diminution by 
calcining metals, it is no longer capable of promoting. 
any further calcination. 
The diminution of Air by the calcination of metals hag 
been found by Dr. Prieſiy to be equalto =ths of the 
whole quantity of Air. Vol. I. p. 194+, But M. 
Lavoiji er ellimates this - diminution only at g; th or 
ast. | 
Air dimicifhed by calcination differs from the air 


diminiſhed by burning ſubſtances in this reſpect, that 


it does not occaſion a precipitation in lime-water, the reaſon 
of which difference is aſſigned by Dr. Priey to be that 


the calx ſeizes the part of the air, which is precipitated, 


in preference to the lime. Vol. I. p. 136. | 
The water however over which metals have been 


calcined acquires a yellowiſh tinge and an exceedingly 
pungent ſmell and taſte. Id. 135. 


4 


14. Metals acquire weight by calcination, and the air 


| which has aſſiſted in this proceſs, is thereby dimi- 


niſhed. Theſe facts ſeem to ſhew that ſomething is 
abſorbed during calcination by metals from the air 5. 

This abſorption of air, or of ſome part of air, is 
further rendered probable from the ela aſtic fluid that 


has 


+ This very great diminution of air was effected by throwing the 
focus of a burning mirror, orlens upon bits of lead and tin fuſ pended 
ina +095 receiver. 

+ The firſt perſon who aſcribed the acquiſition « of weight by cal- _ 
clit metals to the abſorption of air was Fean Rey, who has written 
expreſſly on this ſubject, in a book entitled, Eſais de Jean Rey, f 


Docteur en Medicine, ſur la recherche de la catſe pour laquelle PEtain 
el le plomb augmente de poids, quand on les calcine, A Bazas 1630. 
This author attributes the encreaſe of weight to the adheſion of the 


denſer part of the air to the calxes, while the more ſubtle part of this 


fluid, which prevents the adheſion of the air to other ſubſtances is 


ſeparated during the ealeinatlon. 
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has been obſerved to eſcape during the reduction or 
revival of metallic calxes, and from the loſs of weight 
ſuſtained by them during that operation, 


A very pure air may be expelled from Minium 


and from Mercurius Calcinatus, by application of heat, 


as Dr. Prieflly has happily diſcovered. But it is 


_ doubtful whether this acceſſion of very pure air to 
minium and calcined Mercury be eſſential to theſe 
fubſtances as calxes; for no ſuch air has been ob- 


tained from any other metallic calx mercly by means 
of heat. 

Boyle, Lemery, and other Philoſophers, have attri- 
buted this encreaſe of weight to the particles of fire or 


fame, which they ſuppoſed to be abſorbed by metallic 


calxes. Charas, a Chemiſt cotemporary with Lemery, 


alcribes this effect to the acid of the wood, or of the 
coal, employed in the calcination. 


NI. Venel and M. Mor veau maintain that this encreaſe 


of weight is not occafioned by the addition of any ſub- 


ſtance to the metallic matter, but by depriving this mat- 


ter of its phloziſton. For, theſe philoſophers pretend that 


phlogiſton is endowed with a power contrary to that of 


gravitation, namely, of receding from the center of 


the earth, and thereby of rendering bodies, of which 


it makes a part, lighter than they otherwiſe would be. 
Ir is evident that a doctrine attributing to this phlo- 
giſton, (a ſubſtance which is not the object of any of 


our ſenſes a property directly contrary to gravitation, 


which is an undoubted property of all thoſe ſubſtances 
that are objects of our lenſes) requires to be ſupported 
by very deciſive experiments and unequivocal argu- 


ments. 


15. Air is diminiſhed by by exhalations of liver of ſulphur, 


Alt. 15 
Mr. Boyle relates that a quantity of air was 7otally 
1 abſorbed by oil of turpentine and ſpirit of wine mixed to- 
Z gether. [ Boyles works, vol. V. p. 119.] Dr. Hales 
found that air was abſorbed by the pyrophorns of Hom- 
7 | berg; and Dr. Prieftly obſerved that diminutions of 
air were occaſioned by liver of ſulphur ; by a cement 
9 compoſed of turpentine and bees wax; by white paint; 
and by red. lead and oil. Vol. II. p. 182. 
Y Dr. Hales found that a mixture of ſu/phur and filings 
„ iron formed into a paſte with water diminiſhed air; 
and the diminution has been eſtimated by Dr. Prieſty 
to be equal to Sth or ith of the air employed. | Prieftly 
vol. I. p. 105.] This diminution was equal whether 
the experiment was made over mercury or over water, 
The diminiſhed air was found to be lighter than com- 
mon air; and it did not precipitate lime- water; the 
cauſe of which has been attributed to the acid of the 
ſulphur diflolving the lime, and thereby preventing 
its precipitation. [Prigfty, vol. I. p. 10f.] 
; 16. Air is dimin'ſhed by expoſure to putrefying fab 
; F ſtances.” At firſt an elaſtic fluid is frequently generated, 
buy which the bulk of the air is encreaſed, but in eight 
or ten days, the air is reduced to about : ths or zchs 
of its original dimenſions. I Prieſtly, vol. I. p. 78. 
17. Air is diminiſhed by reſpiration of animals, as Mr. 
Boyle firſt obſerved. Vol. IV. p. 122. Ihe diminution 
was found by Dr. Hales to be avout 8th of the 
3 whole air em ployed. 
|. Air diminiſhed by reſ piration precipitates lime-water, 
as Dr. Macbride obſerved. | 
As. various other ſubſtances and mixtures have been 
# obſerved to diminiſh air, among which arethe follow! ing. 
2. Lime mixed with water. Hales. 
8. Lime mixed with Sal Ammoniac. Hales. 


c. Lime 
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by nitrous Gas. Prieftly II. p. 182: 


paſs through a quantity of air included in a glaſs tube, 
in which alſo was contained ſome water tinged blue 


the blue colour of the liquid to a red. P rieftly 1. 184, 


When the electric ſpark was taken in air over lime» 
Water, the lime was precipitated. Id. 186. 


obſerved by Dr. Prieſtly to injure common air. Tl 167. 


injure common air, II. 155 See ch. 9, 


14 dimoſpberital Cas, br 5 1 

c. Lime mixed with Acids. Hales. | : 
d. Marine acid extricated by pouring vitriolic acid 
on Sea-ſalt, or on ſal ammoniac. At firft ſome fluid 
was generated, probably what has been lately called 
Marine air. See Chap. 11. on Marine acid Gas. Hales, 
e. Volatile alkali mixed with iron. Hates. 2 

. Volatile alkali mixed with copper. Hales. 1 
9. Iron: filings mixed with nter. Hales, M. La- A 
voifier found that the diminution of air by iron-filings VB 
and water amounted to ;th part of the air in the 


ſpace of two months; and Dr. Prieftly obſerved that 


the air thus diminiſhed could not be further diminiſhed 9 


5. Dr. Hales obſerved that air was diminiſhed in 4 


the diſtillation of aqua Fortis, and by the mixture of 
_ aqua-fortis with copper ore, or with prrites, or with coal. 
But Dr. Prieftly ſays that the pure nitrous acid vapour 
does not alter air. Vol. II. 171. 


i. Volatile ſal ammoniac dining" its ſublimation. Hales: 3 
4. Sulphur fubliming. Hales, I 
4 Vinous Cas. Boyle III. 144. See Chap. 34. | 
m. Nitrous Gas. Hales, See Chap. 10. 4 
u. Elelirit ſparks; The electric ſpark being made to MY 


with turnfole, diminiſhed the air 5th, and changed 


o. Concentrated Vinegar. Prięſtiy II. 27. 
p. Nitre which has been melted and is cooling was 


9 Vitriolic acid Gas was obſerved by Dr. right to 


Air 


ir 


Air. is; 

Air which has been once diminiſhed to its utmoſt 
by any one of theſe proceſſes cannot be further dimi- 
niſhed by a repetition of that proceſs, or by any of 


the other diminiſhing proceſſes. Prieſih I; 132. 


19. Air is neceſſary to animal life, as is well known 
from the fatal effects of encloſing animals in exhauſt- 


ed receivers, or in receivers filled with any other Gas 


or vapour; Some inſets however are ſaid to live well 
in vacuo. Muſcbhenb. Introd. ad Phil, Nat $ 2167. 
The air that has once ſerved for the reſpiration of 
animals is unfit to be again reſpired, and is fatal to 
life. The quantity of air employed for reſpiration by a 


man is computed by Dr. Hales to be a gallon in every 


inane. RE Pe 
From the noxious quality of reſpired air, we may 
be induced to give ctedit to travellers who relate that 


animals are killed by the breath of whales, and eſpe- 
cially by the breath of an immenſe ſerpent that inha- 


bits the banks of the river Amazon ;+ the air reſpired 


by theſe very large creatures being ſufficient totally to 


invelope ſmaller animals; and to exclude the air during 
a ſmall portion of time, which, however is ſufficient 


for this noxious air to produce its fatal effect. 


The more denſe the air is, the longer it is capable 


ol ſuſtaining the life of animals, as appears from the 
experiments of Mr. Boyle, Nevertheleſs, a rarefied air, 


provided it be frequently renewed, ſuſtains life very 
well. Condamine lived ſeveral weeks upon the Peru- 
vian mountains, where the air was ſo rare that the 
mercury of the barometer was no higher than fifteen 
inches and nine lines. P An Air alſo exceedingly denſe 
TO | ow 


+F See Don Ulloa's Hoyage. 
See Bouger”s Voyage to Peru. 
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may be with ſafety reſpired. Divers ſometiches 
breathe under bells an air nine times denſer than the 
air of the atmoſphere. 


20. Not only the air diminiſhed by reſpiration is 


noxious to animals, but alſo the air in which inflamma- 
Þle ſubſtances have burnt; the air in which hepar of ſul- 
pbur, and other fumes of inflammable ſubſtances have ex- 


haled; the air in which ſubſtances have undergone 
the putrefadtive fermentation, and perhaps moſt, if not 


all other kinds of diminiſhed air, are Noxious to animal 


life, and alſo extinguiſh fame. 


21. Almoſt all exhalations, vapours, and fumes; 


when in conſiderable quantity make the air unfit for 
reſpiration. The vapour of pure water threw a bird 

into great anxiety; the vapour of vinegar had the 
fame effect; vapour of N of wine killed a bird; and 
the 


*Nerertheleſs Mr. Hoyle obſerved that animals lived carl as "lar | 
in air in which candles had burnt, as in the ſame quantity of common 
| dir; and Dr. Pric/ly confirms the obſervation by his own experi- 
ments. But we may remark that this obſervation does notſhew that air 


is not vitiated by burning ſubſtances, but ouly that animals can bear 


a greater degree of 3 of air than is occaſioned by the burn- 


ing of candles. For, we find that the diminution of air by a burn- 


ing candle is computed by Dr. Hales to be ouly 25 th part of the 
whole quantity, and by Dr. Priefly to be 573th; whereas the di- 
minution produced by the reſpiration of animals is no leſs than th 


part of the whole quantity of air reſpired ; ; and therefore an animal 


continues to breathe long after the air is incapable of promoting the 
inflammation of a candle. But although flame be generally extin- 
guiſhed when the air has ſuffered an inconſiderable diminution, yet 
by throwing the focus of ſolar rays on a bit of charcoal, the air may, 
by means of combuſtion thus promoted, be diminiſhed as much as 
it can by any other method, that is, ; th of the whole quantity. ö 
| No experiment has ever been adduced to ſhew that air thus 


_ diminiſhed as much as it can be by burning ſubſtances, is not 
noxious and fatal to o anichal life. See F 12. 


Air. © 17 
the vapours of oil of turpentine, oil of olives, and of 
ſpirit of ſal ammoniac were alſo found to be fatal to life. 
Muſcbenb. Introd. ad Philo. Nat. $ 2049. The vapour 
of newly plaſtered walls and of granaries are known to 
be noxious. Laghius found that the ſmell of camphor 


and of muſk was fatal to animals. Comm. Bonon, tom. 3. 


We ſhall hereafter ſee that every Ipecizs of Gas, 


common air excepted, is noxious; and, they have 
been all obſerved to be more ſuddenly fatal than a va- 


cuum is: hence, it is evident, that their noxious qua- 


lity does not depend merely on their preventing the ac- 


ceſs of air, or from their want of any principle, which 


may be ſuppoſed to render air neceſſary to life, but 
from ſome inſtant and immediate effect on the organs 
of ſenſation. Animals may be rendered leſs ſenſible of 
the diſagreeable impreſſion and leſs liable to be injured, 


by being gradually habituated to it, as Dr. Prieftly nas 
obſerved. I. 72. 


22. Some attempts have been made to reſtore 
vitiated air, and render it again fit for reſpiration. 


Dr. ales lays that he cleanſed air, which had been 


reſpired, by making it paſs through flannel im- 
bibed with ſalt of tartar; and that he prolonged the 


combuſtion of a candle in a given quantity of air by 


the ſame operation. The flannel employed gained 
weight. "Theſe experiments, and alto the precipitation 


of lime-water by means of air diminiſhed by burning 


ſubſtances or by reſpiration, ſeem to ſnew that in the 
air thus diminiſhed, there is ſome elaſtic fluid, ſimilar 


to that which commonly combines with alkaline ſalt 
and calcareous earths, and which has been generally . 
diſtinguiſhed by the name of fixed air. See chap. 6. 


Put as inair vitiated by reſpiration or by burning ſub- 
ſtances, not only this fixable part is noxious, but alſo 


the reſiduum after the fixable part has been ſeparated 
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by being abſorbed in water, is found to extinguiſfi 
flame it to be incapable of ſuſtaining life, the above 


method of Pr. Hales cannot be very effectual. Dr. 


Prieſtly fays that by long-continued agitation in water, 
be has reſtored all vitiated airs, whether by reſpifation, 
putrefaction, combuſtion, calcination of metals, a 
mixture of filings of iron with ſulphur, or by white 
paint. Was this melioration of airs produced by the 
water abſorbing the vitiated part, or by the agitation 


effecting a kind of circulation between the common ex- 


ternal air and the vitiated air included in the jars, by 
which means much of the former pure air might be 
received into the veſſels, while the vitiated part might 
ü be abſorbed by the water rang thrown out into the open 
air? 
The Count de Saluces pretends that air injured. by 
combuſtion could be meliorated by cod and by cm- 
- preſſion. But Dr. Prieſtly, from experiments purpoſe- 
: ly made, has refuted that pretenſion. J. 48. 
3 3. Air is neceſjary to vegetalion or the life of plants. 
In vacuo, plants do not grow, and feeds buried too 
deep under ground do not vegetate. A renewal of air 


is alſo neceſſary to the health of plants; for in con- 


fined air, they are generally weak and fickly. 
M. Cygna affirms that plants included in a given 
quantity of air diminiſh this air, and ſoon languiſh and 
3 die; and that if other plants be afterwards introduced 
into the ſame receiver, they preſently die without oc- 
caſioning a further diminution of the air. Neverthe- 
les, it would appear from Dr. Prieftly's experiments 


that plants can live long in confined air without ſenſi- 


2 bly diminiſhing or rendering the air unfit for maintain- 
ing flame or animal life. A ſprig of mint having been 
Put into a 2 Jar inverted into a veſſel of water, dur- 
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ing ae months, the air was found not to be vitiated, 
Prieſtly. I. 5. 

Dr. Priefth found that plants grew not only! in con- 
fined air, but alſo in air vitiated by the flame of a can- 


dle, or by reſpiration: and even that the vitiated air 


was frequently reſtored or at leaſt meliorated by the 
vegetation of the included plants. He put ſprigs of 
mint growing in water into different veſſels filled with 


nir, in ſome of which candles had burnt till they ſpon - 
tancouſly extinguiſhed, and in others the contained 
air had been reſpired, and he found that after the 
plants had been growing a few days, the contained air 
was ſo much meliorated that candles burnt in it, and 
animals could reſpire it. (Vol. I. p. 51.) From theſe 


experiments he infers, that vegetation is one of the means 
employed by nature to purify air tainted with reſpiration, - 


putreſadtion, or combuſtion. 


But plants can tolerate only a certain 80 of 1 in- 


jury to the air in which they are placed; for Pr. 
Prieſtiy relates that when growing ſprigs of mint were 
put into air ſtrongly and recently tainted with putre · 

; faction, they preſently died. 1. 86. 


It is not however improbable that plants are capa- 


ble of reſiſting a certain and even a conſiderable degree 


of putrid air ; for ſeveral kinds of plants and alſo ani- 


mals are known to inhabit thoſe places chielly where a 


putrid efluvium prevails, which they ſuſtain without 
injury, and even perhaps with adyantage to their pe- 


culiar conſtitutions. Further, animals and vegetables, 
while living, ſeem to poſſeſs ſome peculiar property of 


reſiſting putrefaction. For animals are known to live 
many days without food, and without any appearance 
of putrefaction, which however begins to take place a 
few hours after death. Alſo, vegetables are endowed 

C 2 1 with 
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with a ſimilar power; for the water in which plants 
grow, though it contain much vegetable putreſcent 

matter, Fa never putrify, while the plants live and 
are in health, but no ſooner is the life or the health of 

the plant deſtroyed, than the putrefaction begins. 

This fact is popularly known to perſons who keep 


ſprigs of mint, hyacinths or other flowers, growing 
in glaſs veſſels filled with water. 


Hence the plants which grow in ſtagnant waters 
robably retard the corruption of theſe waters. See 


Prieſt y. II. 185. 


Perhaps this important fact in animal and vegeta- 


ble economy may be explained, by ſaying, that fer- 
menting ſubſtances do generally aſſimilate to their own 


nature, in a certain degree, many other ſubſtances, 5 


with which they happen to be mixed; and that the 
fermentations which are continually proceeding in the 
fluids of living animals and vegetables, overcome the 
putrid or other noxious ferments, if theſe be not too 
ttrong, in the ſame manner as the vinous fermenta- 


tion reſiſts putrefaction, according to the experiments 


of Sir Jobn Pringle and Dr. Macbride. Hence the 
more ſtrongly theſe natural fermentations proceed, 
_ that is, the more powerful is the vis vite of animals 
and plants, the more eaſily are noxious ferments over- 
come, and infections refilled. 

The purification or melioration of the tainted air 
5 iacludet in receivers in which growing plants were 
placed, may be attributed not only to the abſorption 
of the noxious vapour by the plants themſelves, but in 
ſome meaſure alſo, to the abſorption of this effluvium 
by the water in which the receiver was inverted, and 
more conſiderably by the watery vapours or perſpira- 
tion exhale from the plant iccelf, which are known 
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Air. —— 
to be very great relatively to the ſmall ſpace within the 
receiver. Theſe vapours may be conſidered as water 
with an exceedingly enlarged ſurface, and therefore 


capable of producing its utmoſt effect by abſorption of 


the diffuſed noxious ſubſtance. The vitiated particles 
being thus abſorbed by the watery vapours floating in 


the receiver might have been precipitated when the 


vapours were condenſed by the evening colds; and by 
the conſtant ſucceſſion of evaporation and condenſa- 


tion, which muſt have taken place in the receiver, the 


whole quanity of ſuch particles may have been abſorb- 
ed and precipitated, and the 88 alr thereby 


nnn 


While therefore we accede to the inference drawn 
by Dr. Prieſtly from his very curious experiments, that 
© VEGETATION is one of the means employed by na- 
ce ture to purify air tainted by reſpiration, putrefaction, 
or by combuſtion ;” may we not aſcribe a conſider- 


able ſhare of this grand and important effect to EVA“ 


PORATION, whoſe operation is more extenſive, pene- 


trates to greater heights, prevails on the middle of the 
ocean and in frozen regions where few vegetables ap- 


pear; and may not plants be alſo conducive to this 
effect in a great meaſure by exhaling vapours abun- 


dantly, and be in this reſpect, confidered as inſtruments 
of evaporation. 


The vitiated particles in the air thus abſorbed by 
| the copious vapours which exhale from the ſurface of 
the earth and of the ocean, are raiſed along with theſe 


into the higher regions of the atmoſphere, "ad thence 
again fall alan with the condenſed vapours or rain 


upon the earth. Thus diffuſed and united with water, 
perhaps reſolved into their component parts, they are 
- not hurtful to animals and vegetables, but enter pro- 
= $48 ADDS bably 
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bably along with the water into their veſſels, combine 
with their fluids, and conſtitute part of their ſubſtance. 
From the animal and vegetable matters, theſe parti- 
cles may be again expelled by various fermentations, 


putrefaQion, and combuſtion; and thus, like moſt 


other kinds of matter, _ undergo. a e cir- 
culation. 


24, Philoſophers have red yarion: opinions con- 


cerning the nature of the air; ſome conſidering it as a 
| peculiar element, others as a ſubſtance formed of 


water, and others as a compound bedy conſiſting of 


various elaſtic fluids, in which many heterogeneous 


bodies occaſionally float + Some experiments lead ta 


a belief of its being compounded, | S'Graveſande ſays 


that a much greater portion of a bubble of air can be 
abſorbed by water on the firſt, than on any ſucceeding 


day, and thence infers that ſame parts are more dit- 


poſed to unite with water than others, and that the 


waters which are expoſed to the open air art chiefly 
impregnated with the former kind of aerial particles, 
which are accordingly abſerved, when expelled from 
the water and collected, to be different from the maſs 
of common air. iſtit. & 654. And Dr, Priefily ob- 
ſerved that when #$ths of a quantity of air had been 
abſorbed by boiled water, the remainder was ſo diffe- 


rent from — common mals of air, chat! it extinguiſn- 


ed flame, I. 158. 
Some philoſophers conſidering the action of air in 


maintaining the inflammation of combuſtible ſubſtances, 
have ſuggeſted that in this operation, the air and the 


inflammable matter mutually decompole each other, 


and 


4 Boyle « on the hidden qualities of the air, S'Graveſande, oft 
Phil. Nat. $ 648. 


. ©5288 
"7% 


1 2 


— * FOE gu op" 1 
— 5 , 3+ * 3 £ 10 
- "0 2 „ A 32 W 0A * . * 
2 r ow NS "2 nl. 3 

72 ͤ Ä 


0 Af, -- 23 
and that their parts form new combinations; conſe— 
quently that the air is a compound body. See the 
Difionary of Chemiſtry, article Alx. 

25, That an Acid exiſts in Air has been Walti 
by many chemiſts, ſome thinking that it is the vitrio- 


lic, others that it is the nitrous, and laſtly others that 


it is the marine, Burt although all theſe acids are oc- 
cafionally carried up with other vapours into the atmo- 


ſphere, yet that an acid 1s a principle or component 


part of the air has not been aſcertained from any deci- 


five experiments made by theſe chemiſts. Dr. Prieſtly 


has however publiſhed lately an account of ſome ex- 
periments which ſeem to ſhew not only the exiſtence of 
an acid as a principal component part of the air, but 
alſo that this acid is the zilrous. At leaſt, he produced 
by means of heat from the nitrous acid mixed with 
various earthy ſubſtances a permanently elaſtic fluid or 
Gas, which poſleſſed all the diſtinguiſhing properties 


of air, He found that this factitious air maintained 
the flame of combuſtible ſubſtances, and the reſpira- 


tion of animals; that it diminiſhed itrous Tas; and 


_ exploded with Inflanmedl Cas; both which effects 


are properties of common air, as we ſhall afterwards - 


ſhew. T And theſe properties were poſſeſſed by this 
fluid in a greater degree than by the air itſelf. For the 


flame was much brighter, the reſpiration much longer 


continued, the diminution of nitrous Gas much 
greater, and the exploſion with inflammable Gas was 


much louder, by means of this factitious air, than 


when an equal quantity of atmoſpherical air was em- 
Pployed; and the difference between them is ſo great, 


that he computes the factitious air to be capable of 


C . ; 9 | producing 


4 See the chapters on Nitrous Gas, and on Ifammable Gas 
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producing five, or ſix times the effect as common air, 
in all theſe inſtances. He therefore conſiders this fac- 


titious Fluid as a true and pure air, and thinks that 


the purity of the atmoſpherical air has been injured 


by the vapours with which it is always more or lefs 
mixed. He chiefly attributes the contamination of 
atmoſpherical air to the phlogiſton contained in the 
vapours mixed with the air, and the greater purity of 
his factitious fluid ta its not being mixed with phlo- 
giſtic vapours; and he therefore diſtinguiſhes it by the 
name of dephlogiſticated "i CD 


26, As the production of this FaRitious Air is one of 


the moſt important diſcoveries that have been made 
concerning the conſtitution of the atmoſphere, it will 
not be improper to mention more particularly the va- 
rious means by which it has been obtained by Dr. 
Prieſth, to whoſe ſucceſsful labours the philoſophical 
world is much indebted for the extenſion of its know- 
ledge on this and all the other ſubjects of this Treatiſe. 

—He moidened with fpirir of nitre various kinds of 


carthy 


+ That the e of inflammable "TY WEE nd the : air in 


. with them unfit for reſpiration, or for maintaining flame, 
is well known. But that this change is induced by the air com- 
bining with the phlogiſton, or principle, on which the inflamma- 
- bility of bodies is ſuppoſed to depend, has never been proved by 
experiments. However plauſible this theory may be, it is not {\, 


well eſtabliſhed, that any newly diſcovered ſubſtance ſhould receive 


its name from thence. It would be leſs exceptionable to diſtinguiſh 
it by a name deriyed from the nitrous acid, from which it is made, 
if the term aitrous Air had not been already applied to denominate 


a peculiar kind of Gas obtained alſo from nitrous acid, but which 
is very different in all its peculiar properties; or from ſome ſenfible 
quality of this fluid, as deflagrating Air, from the ſingular and 


vivid deflagration which it occaiions in any burning ſubitance, and 


which is much more ſtriking and remarkable than the inflammation 


ulually produced by common Air. 
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„Air. 25 
earthy ſtubſtances, as inium, flowers of zine, chalk, 
clay, gypſum, magneſia, wood aſbes, flints, and Muſcovy- 
talk, and put the earthy ſubſtance thus moiſtened into 
a a gun-barrel, or into a glaſs phial, into che neck of 
which was ground a bent glaſs tube. He immerſed 
the noſe of the gun barrel, or of the glaſs tube into 
water, and placed over it an inverted jar filled with 
water. Upon applying heat to the part of the gun- 
barrel which contained the mixture, or to the bottom 
of the phial, a Gas, or elaſtic fluid was expelled from 
the mixture, and paſſed into the inverted jar, By 
changing the jar frequently, he was able to examine 
the Gas obtained at different periods of the operation. 

Thus he obtained from each of the above- mentioned 
| earthy or mctallic ſubſtances, moiſtened with the acid 
of nitre, conſiderable quantities of air, ſome part of 
which he found to be very pure, and other parts to be 


mixed with a Gas which extinguiſhed flame and pre- 


cipitated lime- -water, and with i the nitrous Gas. 

The quantity of air obtained from an ounce meaſure 
of flowers of zinc moiſtened with ſpirit ot nitre Was 
nearly three pints. 

From theſe experiments Dr. Prieſtiy is induced to 
infer, that the nitrous acid is thus converted into pure air; 
that it is always one of the conſtituent parts of e n 
cal air; and that the other conſtituent parts of this fluid, 
are cartb and as much phlogiſton as is neceſſary not only 


M to its elaſticity, but alſo to reduce the purity of the 


air to the ſtandard at which it is commonly found. 

= The opinion that an acid is contained in air is fur- 
ther rendered probable by the change of colour in- 
% duced on the tincture of turnſole by the electric ſpark 
paſſing through air in contact with that liquor. (See 
9. 18. n.) This experiment ſeems to ſhew that the 
| 2 electric ſ park decom poſes the air and diſengages its acid. 


27. Some 


which operation, it was further reduced to a 3d, that is, to a goth 


26 Atmoſpherical Gas, or 

27. Some other methods have been diſcovered by 
which a pure air may be obtained without the aid of 
the nitrous acid, 

Dr. Prieſtly found that after he had abſorbed by 
Jong continued agitation in water as much as he could 
of the ſeveral kinds of Gas, ſuch as the inflammable 
Gas, and that obtained by mixture af calcareous or 
alkaline ſubſtar.ces with acids, (called by him and 
other Authors fixed Air) that the reſiduums had the 
properties of common air, and he thence infers that 
e air is thus generated. 1. 40. 68. 1 

28. Dr. Prieſtly ſays that he extracted pure Air by 
applying! heat to {reatrve ſalt, to Reman vitriol, and to 

Fg 


I This inference ſeemed to me to be liable to two objeclions. 1. In 
the apparatus deſcribed for procuring theſe Gaſes, there muſt al- 
ways have been ſome ſmall portion of common air mixed with the 
Gas. 2. Bya long continued agitation of the Gas in water ex- 
poſed to the atmoſphere, there would probably be ſome particles of 
common air continually abſorbed by the water, and afterwards ſe- 
parated from the water into the veſſel containing the Gas, In order 
to obviate theſe objections, I procured ſome Gas from chalk and oil 
of vitrio!, by means of an apparatus previouſly filled with boiled 
water, ſo that no common air could be mixed with the Gas ob- 
tained ; and J let the Gas remain expoſed to a conſiderable ſurface 
of clean boiled water till ;5-ths were abſorbed by the water, 
without agitation, I paſſed this reſiduum four times through 
lime water, till it occaſioned no more precipitation of the lime, by 


of its original quantity. This laſt refiduum I found ſo pure air that 
a candle burned in it, and it diminiſhed as much nitrous Gas as com- 
mon air does, This production of common air from calcareous 8 
and alkaline ſubſtances, is a very remarkable phenomenon, and 9 
deſerves further inveſtigation. ] found that the reſiduum of Gas "s 
obtained from potaſh, and treated in the ſame manner as J had done Mm 
that from chalk, had the ſame properties. The reſiduum of a Gas 1 
obtained by diſtilling cream of tartar was chiefly inflamwable, but 
Teemed | 'F 


& 27 
BY -petre. The quantity thus obtained was very ſmall, 
not exceeding the bulk of the materials. II. 86. 
209. By expoſing red lead, or calcined mercury to the 
focus of the burning glaſs, Dr. Prieſtly expelled from 
2 theſe ſubſtances air which ſeemed in its deflagrating 
and other properties to reſemble the air obtained by 
means of nitrous acid. 5 26. 
1 The quantity however of air thus obtained merely 
| by heat from theſe ſubſtances was very ſmall. Pr. II. 37. 
230. By applying vitriolic acid to red lead, I have ob- 
1 taived a large quantity of air, which ſeems to poſſeſs 
all the properties of the pure factitious air produced 
by means of nitrous acid; $ 26. 
EXPERIMENT 
Porty-e eight pennyweight of red lead were put into 
n : a long pocked retort, the contents of which were ten 


b 
7 =P „ 

% 
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* 
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bo 1 cubic inches; and upon this red lead twenty-four 
7 penny weight of oil of vitriol were poured. The noſe 


1 4 of the retort was then immerſed under water, and over 


b, i% N 
1 , 
55H * 


e- it an inverted jar filled with water was placed. The 


ler L mixture of red lead and oil of vitriol became very hot, 
w_ and ten cubic inches of air were ſoon thrown into the 
led 
d. jar, without the application of external heat. Upon 
3 3 Lung the flame of a lamp to the bottom of the re- 
ter, Y core. 
ugh 3 ſeemed to contain ſome portion alſo of common air, for a ſmall di- 
, by 1 13 was obſerved upon mixing it with nitrous Gas. 
zoth But Air cannot be thus produced from every one of thoſe Gaſes, 
that hrhich from the property they poſſeſs of precipitating lime- water, 
OM F ave been conſidered as of the ſame kind with the Gas obtained 
reous . calcareous and alkaline ſubſtances, and have been compre- 
ö and hended under the general name of xed Air. At leaſt, I found that 
Gas © a Gas obtained by diſtilling green vitriol, which extinguiſhed 
done al ae and precipitated lime-water, having been expoſed to boiled 
a Gu | water and to lime-water, till it could no longer occaſion any preei- 
e, vat pitation in lime: water, left a reſiduum which extinguiſhed flame, 
eeme 
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A and did not in any degree diminiſh nitrous Gas. 
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tart, bubbles cf air paſſed copiouſly into the jars, 
which were ſucceſſively. changed, that the air received 
at different times of the operation might be examined. 

The. quantity of air which had been expelled from the 
above mixturc of red lead and vitriolic acid, was 


found to be 36 cubic inches, after the proper allow- 
_ ances for the air contained in the retort had been made. 


A candle burnt very well in the air of the firſt jar, 


moſt of which was common air that had been expelled 
by the heat and vapours of the mixture. 


A lighted candle being put into fome of the air of 
the ſecond and ſucceeding jars, burnt with a very vivid 
white flame, and deflagrated in the {ame manner as in 


che air produced from nitrous acid. 


One meaſure of this air being mixt with three ſuc- 


ceſſive meaſures of nitrous gas, became very red, and 
the mixture was diminiſhed every time; ſo that very 
little more than one meaſure remained. According to 


this trial, this air is capable of diminiſhing about five 


times as much nitrous Gas as common air is. : 


The air being mixed with inflammab!e Gas, produced 


4 much louder expiofion than common air does, (See 
chap. 12, on Inflammable Gas.) 


A mouſe being put into a jar containing a quantity 


; of this Air, U in bulk to eight ounces of water, 


lived in it one hour and a half, and then died. The 


air in which the mouſe had died, not only admitted à Mm 
candle to burn in it, but even made the flame brighter 


than common air does; which ſeems to ſhew that the 


whole of the air had not been tainted with the reſpira- 
tion of the mouſe, but only the lower part of it, which 


had been in contact or level with the animal; and that - 


probably. if the air had been made to circulate in the 
eſtel, the mouſe would have lived much longer. 
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by Hf. 29 
It appears therefore that the air thus obtained from 
red lead by means of vitriolic acid, has the ſame pro- 
perties and in the ſame degree as the air obtained by 
means of the nitrous acid. It has even one advantage 
over the latter air, that it is not liable as this nitrous 
air is, to be rendered impure and even noxious by the 
mixture of nitrous Gas. Its purity is therefore more 
certainly to be depended on; the materials of which 
„fit conſiſts are cheaper; and it accordingly ſeems prefer- 
able for any medicinal or economical purpoſes to which 
= pure deflagrating air ſhould be hereafter applied. 
f In order however to obtain this air in its greateſt 
1 ÞF purity, care ought to be taken that the oil of vitriol 
be pure, clear, and colourleſs, and that the red- lead 
be clean and well catcined, which may be known from 


— 


7 


: brightneſs and intenſity of its red colour. 3 
d The quantity of air produced from 45 ennyweights 
'y of red lead is above ſaid to be 36 cubic inches. If we 
to MF ſuppoſe this air to be of the ſame denſity as common 
Ve air, we ſhall find that the weight of the air obta ained 
18 about x ooth. part of the weight of the red lead. 9 

ced — 
dee 8 I thought it the more e to be particular in che deſcrip- 

tion of this experiment and its effects, as Dr. Prieſtly has informed 
ity 1 us that he had endeavoured to procure air from red-lead and vitrio- 

uc acid, but without any ſucceſs. Vol. 11. p. 52. There cannot 

tC r, 2 | 

'Þ be any doubt that his experiment ſucceeded as he relates; and the 
The Uliterence of his reſult and mine muſt therefore depend on the dif- 
d a | Wer ence of our methods of trial. It appears that he moiftened the 
iter Red lead with the vitriolic acid, and endeavoured afterwards to dry 
the „before he attempted to obtain any air from it; by which me- 
3 Tod 1 apprehend the greateſt part of the contained air was expelled, 
= on defore the mixture was put into the apparatus for the extraction of 
hich 4 ir For much leſs heat 1s 125 to produce alr from red 


the f 1 ances. Dr. Prieftly obſerves that no Air could be obtained 88 
ed lead and marine acid. ibid. And this obſervation agrees with the 
2 A 7 ) 
trials which I have made, CHAP, 


On Vinous Gas: 


j 


31. 


1 fruits, grains; and other vegetable ſub. 
. ſtances, while they undergo the vinous fer- 
mentation; emit a permanently elaſtic fluid, called by 
ancient chemiſts, Spiritus Sylveſtris, which name was 


changed into Gas Sylveſtre by Van Helmont, who ob- 


ſerved its production and its propertſẽ es, and diſtin- 
guiſhed it better from the common air than any of 
bis predeceſſors. Boyle alſo has made various expè- 


riments ſhewing that an elaſtic fluid is extricated from 


fermenting ſubſtances; and that this fluid is different 9 


from common air. 


32. The quantity of Gas expelled from 3 


ſubſlances was firſt attempted to be aſcertained by Dr. 
| Hales, From 42 cubic inches of beer, 639 inches of 
Gas eſcaped in ſeven days: and from 26 cubic inches 
of bruiſed apples 968 cubic inches of Gas were pro- 
duced in 13 days. Hales Anahyſis. Mr. Caverdiſo found 
that #5 parts of dry ſugar were converted into Gas 


by the vinous fermentation and that the quantity pro- 


duced from the fermenting juice of applcs was equal 
to 5 parts of the dried juice. 
Dr. Frieftly tried how much Gas could be rte de 


from different kinds of wines. From 11 oz. meaſure 


of each of the undermentioned wines he obtained the 


following quantity of Gas: . Madeira $ 


Vinos Gas. 
Madeira = 189 Of an oz. meaſure; 
port, 6 years old, #4 ditto: 
Hock, 5 years old, 2* do. 
Barrelled Claret 2 do. 
Tokay; 16 years old y do. 
Champagne, 2 years old, 2 do. 
Bottled cyder, 12 2 years old, 34 : do. 
Priefty, II. 227. 
33. Vinous Gas 1s poſſeſſed of the following 
Fete i 
It extinguiſbes flame, as Boyle has obſerved i in 1 the 
Gas of fermenting paſte; IV. 125. 

5. It is noxious 4% animals when reſpired, as Beyle 
has remarked. IV. 125. Accordingly numberleſs in- 
ſtances occur of the fatal effects of perſons inſpiring 
95 air of cellars filled with fermenting liquors. 

It is alſo fatal to vegetable bfe. "Dr; Prieſtiy ob- 
- = rom that ſprigs of mint growing in water were fre 
N 1 quently killed in a day or leſs by being placed over a 
fermenting liquor. Vol. I. p. 36. 


d. It has been obſerved by Mr. Bohle to Gains 
common n 


e. It is antiſeptic; that is, it refilts purrefation. Boyle | 
' obſerved that fruit was preſerved in this Gas better 
than in eommon air. IV. 144. 

F. It is capable of being abſorbed by water, to lick 
it communicates an aeidylous taſte, like that of pyr- 
mont and other mineral waters. Dr. Hales obſerved 
that the Gas obtained by adding vinegar to oyſter- 
ſhelts was abforbed by warm water. Mr. Cavendiſh 
diſcovered that ſome parts of this Gas were more cafi ly . 
3 by water than others. 

. It precipitates lime ater, renders cs e 
mil, and produces all the known effects of the Gas 


5 


obtained 


32 Exlricated Gas. 


obtained from efſerveſeing mixtures of acids and 1 8 
lis. See therefore the Properties of that Gas in the 
ſixth chapter; all which properties are allo applica 


Wh ble to vinous Gas. 
| 9 24. Much elaſtic fluid eſcapes from liquors under- 
5 going the acetous ſermentation; but its properties have 
Ml not been examined, nor can we certainly ſay wocther 

q ij it be the ſame as vinous Gas. Dr. Prieftly obſerved 
| | that it diminiſhed common air th part; and that air 
| i thus diminiſhed extinguiſhed flame. I. 154. 


CH Av 11; 
On the 2 Gas extricated from putreſying ſubſtances; 
35. Permanently elaſtic Fluid or Gas eſcapes 
from animal and vegetable ſubſtances un- 
15 going the putrefactive en. 

I his Gas confiſts of two different kinds mixed to- 
gether. One of theſe renders cauſtic alkalis mild, 
and precipitates lime water, as Dr. Macbride has 
2 The other kind of Gas was obſerved by Mr. 
 Crvendiſh to be nflaimmav le. See chap. 12, on inflam- 4 
5855 Gaſes. ns. 
I) he quantity of theſe two kinds of 5 Gas, which was 
obtained from four penny-weight and fix grains of 
mutton, during the putrefactive proceſs, was ; d to 
be, 1 in bulk, dual to 214 0z. of water, of which quan- 
tity 2708 OZ» meaſures were of the former kind of Gas, 

and the remainder was inflammable. It is obſervable, 
that all the inflammable Cras was extricated in the 
beginning of the proceſs. Prieſtley III. 344. $ 
From 7640 grains of putrefying broth, (which FI 4 
tained about 163 grains of ſolid matter) one grain of 


inflammable Gas was procured by Mr. Cavendiſh. 
Phil. Tranſ. 1706. - $43 £o. 


ſubſtances, 


| ſults of his experiments is collected, 


C HAN N V. 


of the Gas obtained 12 fre from Animal ard 7 _ 


7 M UCH elaſtic fluid is produced in the diſtil- 

lation of animal and vegetable ſubſtances. 
Dr. Hales has aſcertained the quantity of Gas which 
he procured from many of theſe ſubſtances. From 
his Analyſis of Air, the following ſummary of the re- 


1 cubic inch of h92*s blood yielded 33 cubic inches of gas, 


2 cubic inch of dees horn, — 117 equalto :thot! its wt, 


1 x cubic inch of oak — 1808 
238 grains of Indian wheat — 270 


i cubic inch of peaſe — 396 
1437 grains of muſtard ſeed 270 
142 grains of dry tobacco — 153 
x1 cubic inch of oil of anniſeed 22 


1 1 cubic inch of Honey mixed 14 0 
4 with calcined bones 

1 cubic inch of bees wax ---= 54 

1 cubic inch of coarſe ſugar 126 
l cubic inch of tartar — 504 
*Zz cubic inch of /alf of tartar 112 
© 2 cubic inch of human calculus 316 

z cubic inch of tones _ 108 
from a human gall bladder 


cubic inch of oil of cloves > "OY: 


— 
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34 Of the Gas obtained by fire, &c. 
Van Helmont computes that of 62 pounds of char- 
coal, 61 pounds may be reduced into gas by burning. 
Complex. atq. miſtion. elem. gm. 13. 

37. Mr. Cavendiſh obſerved that the gas produced by 


5 zurning charcoal precipitated the lime of lime- water; 


and in general, we may remark, that the gaſes produced 


by anal) ſing vegetable or animal ſubſtances render lime- 
water turbid, extinguiſh flame, and are noxious to ani- 


mals, and alſo to vegetables, as Dr. Holes obſerv cd; 
Leg. Stat, ch. 7., 


In theſe properties, they reſemble the vinous gas, 


and the gaſes obtained from efferveſcing mixtures. 


Sometimes however, eſpecially when the heat | is ſtrong 
or ſuddenly applied, an inflammable gas is produced by 
diſtilling animal or vegetable matters. Thus Dr. Zales 


obſerved that the Gas obtaincd 1n the analy ſis of Peaſe 


was inflammable. And it may be remarked generally 
that the elaſtic fluid produced by fire from animal and 
vegetable matters is chiefly a mixture of gas which 
occalions a precipitation in hme-water and extin- 
guiſhes flame, and of another gas which is inflamma- 
ble and which may be ſeparated from the former gas 


by expoſure to water; by which means the inflammas- 


ble gas will be left alone, the other being almoſt to- 
tally abſorbed by the water. The inflammable gas 
thus obtained ſeparate from the other is not quite 


pure; for I found that a gas obtained by diſtilling 


1artar, which did not ſhew any marks of its contain- 
ing common air when mixed with nitrous gas, being 
: W to water and Iime- water, till no more could 
be abſorbed, left a reſiduum which was inflammable, 
and which on being mixed with nitrous gas, became 3 
- zurbid; and was a little diminiſhed; winch ſhews that 4 
the reſiduum contained a ſmall portion of common air. 1 


CHAP. 


28 
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U calcareous Cas; or the Cas expelled from calcareous 
and atkaline ſubſiances by fire or by acids. . 


55 Permanently elaſtic fluid is extricated by 
heat, or by acids, from fixed and volatile 
alda 4 Hoek magpneſia, chalk, mardle, lime. ſtone, marine 
ell, and all thoſe ſubſtances called calcareous, or 
| which, by calcination are convertible into quicklime. 
39. The quantity of gas obtained from the above. 
ſubſtances was found to be as follows, 
108 grains of crab's eyes diſſolved in 14 oz. of dil. 
tilled vinegar produced in vacuo 81 cubic inches of 


F 


1 dram of chalk diſſolved in two ounces s of diſtiled 


Lvinegar produced 131 inches of gas in vacuo. Boer 


haaue. : | 
Two drams of ab eyes with 1 oz. of vinegar 
U produced 12 cubic inches of Gas, Eller. Berlin Mem. 


4 This Gas and alſo the 1 vinous Gas, and indeed other which 
have, been found to occaſion a precipitation in lime-water have 
been comprehended under one name, Fixed Air, But although 


3 ey agree in that property and a few others, their origin is 


ſo various, that they can ſcarcely be conſidered as one ſubſtance, 


"Bp 1 
"=. pf them ſeparately. 


L Lil they have been further examined. I have therefore treated 


D 2 _ Two 


10 

3 36 Calrarecus Gas. 
| 10 Two drams of crab's eyes with 1 02. of ſpirit of ft 

| 0 7 produced 75 cubic inches of gas. Eller. | 
0 Two drams of red coral with 1 oz. of ſpirit of falt 
10 0 Produced 52 cubic inches of gas. Eller. 1 
hi | . Magneſia contains half its weight of Gas. Black. 9 
i + Edinburgh Eſſays. a 
. | Marble contains 575 parts of its weight of gas. FR 4 
| | 1 vend; iſp. Phil. Tranſ. 1766. | 3 
I Limeſtone contains 14 of its weight 5 gas, and 7 1s ü 
| 4 of water. Facquin, Examen Doftrine Meyeriang, _ 4 
604 Cremor calcis contains 12 of its weight of gas. - Jac- 2 


Hin, 
: Chalk dried with the heat of boiling mercury con- 
tains 44 of its weightof gas. Lavoiſier. opuſc. Phys. 1. 
| One dram of ſalt of tartar with + an oz. of ſpirit of 
nitre yielded 48 cubic inches of gas. Eller. 55 
. Cryſtals of ſall of tartar yielded 15 of their weight 
of gas. Cavendiſh. ny ; 
Cryſtals of joaa FRO ir of their weight of gas. 
Lavoiſier. | EO ets a 23 
Volatile ſal ammoniac yielded ILL of its weight of xz 
gas. Cavendiſh. b 
 DIVi'atile fol ammoniac velded e of its weight of 
— erer. 5 
>. The ſpecific gravity of this gas Was found by 
* Hom. Mr. Cavendiſh, to be to that of water as 1 to 
511; or to that of air, when this is 800 times lighter 
chan water, as 157 to 100. According to Mr. Liver 
ier the ſpecific gravity of this gas is to that of 3 air a8 
561 „„ 
41. The properties of calcareous earths SP? of al kalis 
are very much altered by combination with this gas. For, 4 
when limeſtene or other calcareous earth are, by calci- 
nation or otherwiſe,. deprived of the gas t com- MW 


ny 


Calcarecus Gas. | a 37 


bined with them i in their natural ſtate, they are thereby 


converted into quicklime. Alſo when alka/ts fixed or 
volatile are deprived of their gas, by any mcans, they 


are thereby rendered more edi, incapable of effer- 
veſcing with acids avd of cryſtallization, and more 


powerfully ſolvent, as Dr. Black has proved | by accu- 


rate and adequate experiments. Edinburgh Eſays. 


The fame excellent Chemiſt has alſo ſhewn that by 


recombining this gas with quicklime, magneſia, or 
alkalis, which had been previouſly deprived of it, 


their former weight and properties might be reſtored, 
From the greater acrimony communicated to quick- 
lime and to alkalis by depriving chem of their con- 
tained gas, he has diſtinguiſhed them when thus de- 
Prived, or uncombined with gas, by the epithet cauſtic, 
as cauſtic calcareous earth, or cauſtic fixed alkali, or cauſtic 


volatile alkali; and when theſe earths or alkalis are 


: combined with gas, he calls them mild. 


Dr. Black contrived an apparatus by which che gas 


extricated from an efferveſcing mixture could be con- 


veyed into a cauſtic alkaline Kquor, and ſhewed that 
by this method, the cauſtic alkali could be rendered 
mild, and could recover its efferveſcing and cryſtalliz- 


ing properties. His apparatus conſiſted of two phials 
communicating. by means of a bent tube, one end of 
which is inſerted into the mouth of one phial, and 
the other end into the mouth of the other phial. 


one of the phials he put ſome cauſtic ſpirit of ſal am- 


In 


moniac, and into the other phial he put ſome mild 


7 alkalior mild calcareous earth. Upon this mild alkali 
br earth he poured through a hole purpoſely made in 


dhe ſide of the phial, ſore acid liquor, which imme- 


diately produced an efferveſcence as uſual, that is, it 


extricated from the albali or earth their contained gas. 


\ 
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38 Calcareous Gas. 


The gas being thus diſengaged paſſed through the 


bent tube into the phial containing the ſpirit of ſal 


ammoniac, with which it combined, and which it 
85 changed from a cauſtie to a mild ſtate, For the fpirit 


is by this proceſs rendered capable of efferveſcing 


with acids, and if it be much concentrated, it will be 
ſeen to cryſtallize during its impregnation with gas. 


Dr. Macbride employed a fimilar apparatus to oY | 
pregnate lime-water with gas, by which means he 


changed the cauſtic earth or quicklime which was 
ilteren in the water to a mild calcareous earth, 
which not being ſoluble in water as quicklime 
is, was therefore precipitated. See ee on the 
difſolvent power of Quicklime. | 
42. Dr. Black has further 3 by experi- 
ments the relative powers of the ſeveral alkaline ſub- 
ſtances to unite with this elaſtic fluid, or the affinities 
of this fluid towards theſe ſubſtances. He found that 
this gas was more diſpoſed to unite with cauſtic calcare- 
eus earth or quicklime than with any other ſubſtance; 
next with fixed alkali ; 3 then with magnef 2 and ly 


with volatile alkali. 


Conſequently mild volatile alkali may be . 
of its gas or rendered cauſtic by applying to it magne- 
ſia previoully deprived of its gas, or cauſtic fixed 

alkali, or quicklime z and at the ſame time the mag- 


neſia, fixed alkali, or quicklime are thereby rendered 


mild. Magneſia alſo may be deprived of its gas by 
means of cauſtic fixed alkali, or of e and 
laſtly, mild fixed alkali may be rendered cauſtic by 


means of quicklime which is at the ſame time rendered 


mild. Hence ſoap-boilers in order to increaſe the ac- 


tivity or diflolving power of their alkali, boi] 1 it in 
water with quicklime. 


— — —— — —e— — —— IND 
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Calcarecus Gas. | 3 > 


According then to this doctrine, the conflicity and 
bother peculiar properties of quicklime and cauſtic alkalis, 
are the original properties of theſe ſubſtances, while they 
9 are pure and uncombined; and are not communicated to 
them by any ſuppoſed abſorption of matter from the 
fre in calcination, as Meyer and other Chemiſts 

| maintain. T | 

1 43. This gas is capable of adhering to, or Sabi 
1 with, metallic precipitates. Thus when a mild alkali or 
calcareous earth is added to a folution of a metal in an 
acid, the alkali or earth unites with the acid, the metal 
is precipitated, and the gas of the alkali or earth, which 
would have occaſioned an efferveſcence if the acid had 
not been united with a metal, does not ia this caſe pro- 
XZ duce any efferveſcence, but unites with and increaſes 
C the weight of the metallic precipitate, Dr. Black, who 
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A This Theowy, which has been ably 3 hat tows 
much light on many chemical phenomena. * 'But although it is 
well ſupported by the deciſive experiwents related by Dr. Black, 
(Edinburgh Eſays,) it has.nevertheleſs met with much oppoſition 
from ſome German and French chemiſts who adopt the theory of | 
M. Meyer, concerning the principle which he called Acidum pinguc, 
of which an account is given in the Dictionary of Chemiſtry. See 
Acibum PIN SUE. On the other ſide, Dr. Plact's doctrine has 


been ably. ſupported and confirmed by M. Jacguin in a treatiſe 
| Y called Eæamen <chemicum Dodtrinæ Meyeriane de Acido pingui et 
b FPlactianæ de acre Hao. And this treatiſe has been attacked by M. 
11 Crantz | in his Red iii. atio Examinis chemici Doctrinæ Merian, c. 
L 3 As not only the reaſonings but alſo the fact related by theſe au- 
2M thors were contradictory, M. Bavolfier, af the academy of Sci - 
eences at Paris, undertook a ſeries of Experiments with a view of 
| 4 aſcertaining the ſeveral queſtions in diſpute 3, an account of which 
„be bas publiſhed under the title of Opuſeules pbyfiques, & chymiques. 
N Vol. 1. Theſe experiments "which ſeem to have been made with 


CN accuracy and ability, can leave no doubt ade — * of Oe, 
- math ex you ents 8 and ded uctions. 1 15 


by Mr, C. 1 
of the liquid, and to be greateſt when the water was =” 
cold, and compreſſed by an heavy atmoſphere. 2 


40 Calcareous Gas. 
firſt obſerved the union of this fluid to metallic preci- 


pirates, attributes the fulminating property of aurum 


julminans to the gas which adheres to the gold precipi- 


tated by a mild alkali The adheſion of gas to me- 


tallic precipitates is confirmed by M. Lavoiſier. 


The precipitation of ſome metallic ſolutions ſeems 


therefore to be effected by what Chemiſts call a double 
affinity; that is, the gas of the alkali unites, with the 
precipitated. metal, while the acid unites with the al- 
Kali. Accordingly the precipitation of ſome of 
theſe metals requires that the precipitating alkali be 
mild, that is united with gas. Thus, ſilver diſſolved 


in nitrous acid cannot be precipitated by a cauſ in vo- 
latile alkali, altho' it may very perfectly by a mild 
volatile alkali. 

This gas not only amis the precipitation of 1 15 


- 7 he their acid menſtruums, when it is combined with 
alkelis, but even ſometimes effects this precipitation, 


without the aid of an alkali, At leafl, there is one 


: Indhance of : ſuck. precipitation, when this gas is added 
to a ſolution of ſugar of lead, as Mr. Hey of Leeds has 


. obſery ed. See Appen. to Prieftly*s 1h, vol. of Oh & Exper, 


44. This Gas is capable of being abſorbed by toater, 


= and the water thus impregnated procipiraies the lime 


; from time-water, as Dr. Macbride has thewn: | 
The quantity of gas which water at the temperature 

of 255 of Fahrenheit's ſcale can abſorb, was found 

\avendiſh. to he more than equal ta the bulk 


The watet thys impregnated. acquires a fubatid taſte, | 
Alike that of, the mineral waters called aciduloys, and it 
«alſo-acquires. a greater denfity.; the ſpecific gravity of diſ. 


tilled water er impregnated.awith. gas being to that of diſ- 
tilled 
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Calcareous Cas. * 
tilled water not impregnated, as 1000322 to 1000000, 


according to an experiment made by M. Lavoifier. 


opuſc. phys. S chym. Tom. I. p. 210. | 
45. Gas abſorbed by water may be thence expelle 4 


by removing the preſſure of the atmoſphere from its 
ſurface by means of an air-pump ; or by boiling the 
water, or by freezing the water. The greateſt part of 


the gas eſcapes merely by expoſure to the open air, ef- 
- FH in warm weather. - 


46. This gas is alſo capable of being abſorbed by 


other liquors, as by expreſſed oils and by ſpirit of wine, 


which laſt liquor is found to be capable of armee 


2 2 times its bulk of gas. Cavendiſb. 


47. This gas extinguiſhes flame: and even a W 
of nine parts of common air with one part of this 


gas does not admit a eandle to burn, as Mr. n 
las obſerved. Phil. Tran/. 1766. 


48. This gas when reſpired | is fatal to breathing ani- 

mals. Dr. Prieftly, however, remarks that inſects and ani- 
mals which breathe very little are ſtifled in this fluid, 

but are not ſoon killed; that Butterflies and other flies 

generally become torpid and ſeemingly dead after be- 
ing held a few minutes over a fermenting liquor; but 
revive on being brought into freſh air. I. p. 36. 

49. This gas refits putrefaftion, as Dr. Macbride 


f proved, from experiments, He ſhews that by ap- 
plying this gas to putrefying ſubſtances, their putrefac- 


tion is impeded ; and he even pretends that they are 
hereby reſtored: from a putreſcent to a ſound ſtate. He 
"ſupports the opinion of Dr, Hales that Gas is the ce- 
menting principle of the particles of the ſolids and 
fluids in which it is contained, and that therefore when 


2X this is expelled, by fermentation, putrefaction, or 


otherwiſe, the coheſion of Theſe particles muſt be 


| | diſſolv ed; 
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diflolved ; and when it is reftored; they may thereby 
recover their original conſtitution, But why 1s this 


gas conſidered as the cement or connective inſtrument | 


more than any of the other principles which enter 


into the compoſition of , theſe bodies? For by depriv- 


ing a body of any of its conſtituent parts, the coheſion 


5 the whole muſt be diſſolved, whether the principle 


thus taken away he gas, or earth, or acid, or al kali? 


From many experiments Dr. Prięſtiy is led to think 1 


that this Gas is capable of correcting the noxious qua- 
lity of air tainted with putrefa un I. 99. 101 
50. This gas when united with water is capable of 


_ , aftinz upon and diſſolving calcarcous earth, magucſia, iron, 


end perhaps ſome other metals. Mr.. Cavendjþ fir 


_ obſerved its property of diffolving calcareous earths, 


and that although it at firſt precipitates the earth from 


lime-water, yet it afterwards re- diſſolves this carth, 
He has alſo ſhewn that the calcareous earth contained 


ia Nathbone place waters is kept diſſolved by no other 


menſtruum than this gas. F The ſame fluid is pro- 4 


bably the ſolvent of the calcareous earth cqntained in 


all thoſe waters which depoſite their an, ſediment 


upon expoſure to air. | 
Mr, Lone diſcovered that diſtilled water impreg- 
nated with the gas of fermenting or efferveſcing ſub- 


ſtances was capable; of diſſolving iron, and that the | 
water thus impregnated with the gas and iron had a 


vinous ſmell and taſte, like thoſe of ſome chalybeate 


waters, in many of which he thinks the iron is diffoly- 


ed merely by means of gas. Hence a mild and plea- 
fant chalybeate water may be made by putting filings 


: of i iron in water r impregnated | with the gas obtained 


em 


+ Phil, Tranf. 1766, 176. 
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from fermenting and efferveſcing fubſtances. Not only 
iron in its metallic ſtate, but alſo ſome of the calciſorm 


ores of iron may be diſſolved in water impregnated 


with gas, as Mr. Rouelle found by experiment. (La- 


- » 38 
=: = 


voiſßer. Opuſcules J. p. 150. 


This Gas occaſions a precipitation in a | Witten of 
Sugar of lead, as Mr. Hey of Leeds obſerves. (Appendix 
1% Dr. Prieftly's 1ſt. Vol.) And this precipitation 1 
have found takes place whether the Gas employed has 
'Þ been obtained from calcareous and alkaline ſubſtances, 
by vitriolic acid or by nitrous acid. This preciphuts 


may be rediflolved by adding nitrous acid. 


51. The Gas obtained from calcareous and alkaline 
= ſubſtances does not ſeem to be one homogeneous fluid, 

but rather a compound or mixture conſiſting of differ- 
gent kinds of Gas: For, Mr. Cavendiſh obſerved that 


© 
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8 > 4 „ kT wt I 6; 
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ſome parts of it were much more eaſily abſorbed than 


the reſt; and that about th or v th part of it could 
Wnot be more readily abſorbed by water than common 
4 lair can. Dr, Prieftly found that the reſiduum which 
could not be abſorbed by water had ſome of the pro- 
1 2 erties of common air, namely, that it efferveſced 
with nitrous gas, (which i is a teſt of common air, as 
hall be hereafter ſhewn) and that it was not noxious. 
Mo a mouſe, although it was not lo pure that a candle 
ould burn in it. | 
382. Several circumſtances concerning this Gas lead 
an opinion that it is of an acid nature, or that an 


© cid enters into and predominates in its compoſition· 
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Of the ole. an Mines and ether "ſubterranean places. 


8 2, | Noxious gas is found in many caverns, as 
in the fan Grotta del cane, in mines, 
wells, and other deep pits. This Gas, which by Eng- 
| liſh miners is called Chote-damp, is heavier than com- 
mon air, and therefore lies chiefly at the bottom of pits; 
_ extinguiſhes flame; precipitates the lime of lime-water z 
and is noxious to animals: From theſe properties which 
it poſſeſſes in common with the gas obtained from cal- 
careous and alkaline ſubſtances, it has been reckoned 
to be of the ſame kind, and deſcribed e the name 
Fired Air. See a note + chap 6. | be HR 
54. Ancther kind of gas found in mines and other 
deep pits, is called Fire- damp, from its inflammability. Þ 
It is. lighter than air, floats near the roofs of mines, 1 
and is apt to catch fire and explode. This is one of 1 
the Gaſes of which we ſhall treat e . name of 4 ; 
ee Gas. See FOO" 12. OPS Fa 7 
. 0 11 A P. 1 

+ Miners who wotk in miües that are ſubjeA to this damp, gene 
neclly carry down with them into their pits a lighted candle to try | Th 
the falubrity of the air. They cam however remain with ſafety ſe- = 
veral hours in pits w here a candle cannot burn. | have ſeen them 1 
Working in the ſhaſt of a coal- Pit ſer eral yards below the part. of the A 


ſhaft where a candte was extinguiſhed. For, as has been already | 
obſerved in treating of the gas of effervefcing ſubſtances, a ſmalter, 


1 
1 
© + JAI 


quantity of noxious gas being mixed with air is ſuſſicient to extin- *% 
guiſh flame than to prevent reſpiration. But where che damp. is fo | 7 
{trong, that not only the flame of the candle, but alſo the redneſs A 
of the burning wick is extinguiſhed, they never venture to remain 1 
a minute, kiowtg chat lege of dam np 1 to be quickly fatal to ani- 1 
mal liſe. | 2 
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; 3 Of the Gas of Waters. 


1 388. AY elaſtic fluid may be expelled from common 
= = Vater by removing the preſſure of the atmoſphere, 
by Boiling, or by freezing. But although the greater 
part of the air or gas may be expelled by theſe means 
from water, yet Mr. De Luc ſnews irom many labori- 
ous experiments that water obſtinately retains a certain 
quantity of air or gas, which cannot be extricated by 
boiling, by the air-pump, or by any other known 
means, than by a long continued agitation in vacuo z. 
and he further ſhews, that when water is thus deprived 
of all the air that can be ſeparated from it, it then be- 
comes capable of ſuſtaining, without boiling, a much 
| greater heat than can be given to it in its common 
| Kate, even to 2400 of Fahrenheit's ſcale, or more. 
306. From 54 cubic inches of well-water, Dr. Holes 
6 obtained one cubic inch of elaſtic fluid; and from a 
Mm pint of pump-water Dr. Prieſtiy procured + of an ounce 
= meaſure of a gas, in which a candle could not burn, 
| but a mouſe lived. I. 160. The water of another 
tec bump yielded „ of its bulk of gas. I. 160. II. 225. 
557. A much larger quantity of gas is contained 
in many mineral waters, Thus from 54 cubic inches 
| of Pyrmont Water, Dr. Hales procured two cubic inches 
EA an 2 0 et of 
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as common air: 
'Rath-bone-place, Mr. Cavendiſh obtained above 73 
ounce meaſures of gas, of which quantity he obſerves, 


a6 Of the Gas of IWattrs: 
of gas, which he ſeems to have erroneouſly conſidered 
And from 411 ounces of the water of 


not above twenty meaſures were extricated before the 


water boiled. Philoſ. Tran}. vol. 57. 
Some Authors talk of a much larger quantity of 3 


gas being contained in ſome water, Thus Mariotte 


affirms that a, bubble of elaſtic fluid expelled by heat 
from water, did occupy, when reduced to the tempe- 


rature of the atmoſphere, a a ſpace, ten times greater 


than the ſpace occupied by the water which had con- 
; tained it. 


Hut Dr. Hales ſuſpects that part of this gas produced 


in Mariette's experiment, (which was made by apply- 


ing heat to a drop of water included in a glaſs thimble 


filled with oil and inverted in oil) proceeded from the 
oil: For oil alſo contains a conſiderable quantity of 
gas, according o Dr.“ Hales's experiments. (Hale 


Appendix.) 
Other mineral waters yield a very ſmall quantity of 


8 gas by being heated. Bath-water yields only ,'$th of 

its bulk of Gas according to an experiment of Dr. Pricſt- 
h; and of this quantity, one half had the properties of 
the Calcareous Gas, and the other half of Air in which 
u candle had burnt out. 
| cured no more gas from two quarts of Bath-water 
than was equal in bulk to half a pea. Appendix. 


II. 223. Dr. Hales pro- 


358. Dr. Hales juſtly attributed the peculiar briſk- 


nes and ſparkling quality of Pyrmont and other mine- 
ral waters to the gas which he found was contained- 
copioufly in them. 
mineral waters in Germany, contained nothing ſaline 


Hoffman allo obſerved that ſome 


but that they abounded in a volatile principle, to 
waich 
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which he gives the name of Sulpbureous gereo- et hereo— 
Bp elaſtic ſpirit. And Mr. Venel ſhewed in 1750 that the 


waters of Seliz were neither acid nor alkaline, but 
contained 2th of their bulk of an elaſtic fluid to which 
they awed their peculiar properties: And he endea- 
voured to imitate this mineral water, by adding to a 
b French Pint of water two gros of mineral alkali, and 
X a ſufficient quantity of marine acid, to ſaturate the 
XZ alkali. This mixture being made in a ftrait-necked 
XZ cloſe veſſel, the gas which was expelled from the 
Z alkali by means of the acid was not allowed to eſcane; 
but it impregnated the water, fo ſtrongly, that this 
water was found to contain twice as much gas as the 
native mineral water. 
Mr. Venel does not however diſtinguiſh the gas con- 

tained in mineral waters from common air. 
Dr. Sop of Pyrmont in the year 1736 coated 
1 this ſluid to be the fame as that which is found! in the 
9 Grotta del Cane and other ſubterranean places : And 
Dr. Brownrigg ſent tothe Royal Society a paper in which 
the gas of Pyrmont and Spa-waters are faid to be 
Y analogous to the choke-damp or permanently claſlic 
Y gas of mines. Phil. Tranſ. vol. 55. | 
Mir. Cavendiſh obſerved that the gas obtained from 
the waters of Rath-bone- Place cecafioned a precipita- 
tion in lime water, and he is induced to believe that 
the greateſt part of it is of the ſame nature as the gas 
contained in calcareous earths. But he alſo found 
b at 5788 Of the gas contained i in a this water were com- . 
bi mon air. | 
I | 59. Mr. Cavendiſb diſcovered that calcareous earth 
is ſuſpended and diſſolved in the waters of many 
1 eee, by means of their contained Gas, —Þy an ac- 
1 f curate 
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curate analyſis of the waters of Nalhbenc place, 
he obtained, from 494 ounces of theſe waters, 
271 grains of earth, which, excepting a few grains 


of mägnela, was of the calcareous kind. He fur- 
ther ſhews; as has been already remarked, that the 


gas obtained from calcareous of alkaline ſubſtances 
is capable of diffolving calcareous earth, that is, of | 
making it ſoluble in water. It may ſeem extraordinary 

that this gas which 1s known to precipltate the lime 
from lime-water, ſhould alſo render this carth ſoluble 
in water; but the fact is uncontravettible ; for beſides 
that this or ſome very ſimilar gas is prov ed to be the 
medium by whichthe calcareous earth is kept ſuſpended | 


in Rathbone-place and other waters; it is ſhewn by 


Mr. Cavendiſh, that, if to lims-water which has been 
rendered turbid by means of gas, mote gas be added, 


this water will by this addition be enabled to rediffolve 
the precipitated lime, and will be again rendered pel- 


lucid. And indeed this phenomenon is analogous 


to other well known chemical facts. For many of the 
precipitates, formed by adding alkalis to the ſolutions 
of metals in acids, may be redifſolved by a further ad- 
. dition of the alkaline precipitant, 

. bo. Mr. Lane has ſhewn that the Gas of mineral 
waters is capable of diſſolving iron; and that by means of 


this fluid, without any other menſtruum, the iron is diſ- 


ſolved and ſuſpended in many chalybeatc waters. Theſe 
1 waters depoſite their iron when expoſed to 
air; for the gas, by means of which it is ſuſpended, is 
- volatile and clcapes upon expoſure to air T. But Dr. 
; | _ Brownrigg, 


3+ Dr. ates buf obſerved is when nia 2 rates had been 
| deprived of their elaſtic fluid, they loſt their power of tinging 


an infuſion of galls. (Appendix.) And indeed Van Helmont, long JM 
before, knew that the eſcape of the ſpiritous gas, from theſe waters, 4 
by expoſure to air, was accompanied with a loſs of their acidulbous 
quality, and a depoſitian of the ferruginous matter diſſolved in vj 


them. Paradoxum « guar! tum. F 2, 97 10s 


_- 
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Brotnrigg, has obſerved; that the gas does not eſcape 
from the water which it impregnates, unleſs the water 
be in contact with air; for when the Poubon water was 
excluded from air, but at the ſame time liberty was 
given for its gas to riſe into an empty bladder, the gas 


did not ſeparate from the water by any ſpontaneous mo- 


tion, but on the conttary, it remained united with the 
water, when expoſed to the greateſt heats of our cli- 
mate, When the impregnated water is thus excluded 
from air, the gas will eſcape but ſlowly with any heat 


| leſs that of 110? of Fahrenheit's thermometer, al- 


though ſuch heat be ſufficient for the diſtillation of 


water; neither can this gas be wholly expelled by a 


heat of 160˙ or 170 continued two hours, This ad- 
heſion ſhews that the gas exiſts in the mineral water 


with the other ingredients in a ſtate of ſolution, and 
in the ſame proportion in which the Gas 1s expelled, in 


the ſame alſo are the martial and earthy parts {eparat- 


rd. See Dr. Brownri 2 s paper 2 Poboun waters, Phil, 
Trans. vol. 64. 


There is reaſon to believe that the Gas may 70 more 


7 | intimately combined with the ingredients of ſome mi- 
XX neral waters than with thoſe. of others, and cannot 


1 be ſo eaflly expelled. Dr. James Keill obſerved that 


Ja mineral water near Northampton loſt its ſpiritous 
quality by being long kept included in a Florence 


| hermetically ſealed. The combination of the 


as with the water may have been rendered more per- 


4 ect by time. Perhaps the reaſon why fo little Gas 


I Fan be extricated 19955 Bath- water (See F. 55.) may 


1 5 be that! it is more intimately combined with that wa- 


ter, or united with other ingredients which retain and 


1 x it more than in che waters of Pyrmont, and others 


3 Phich wake much. 
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Water. 


ing tkis impregnation. 


impregnation of 1 water with Gas has been lately much 4 
paste f 


36 O -the Gas of Waters. 
611. Gas may be ſeparated from water not only by 
the means mentioned in & 55, but alſo by addition of 


an acid, which occaſions an efferveſcence and conſe- 


quently an eſcape of the gas. Hence the acidulous 


Vaters are made to ſparkle by adding juice of lemons, 
or Rheniſh wine. 


62. The diſcovery of Gas being the prit.ciple to 


which the briſkneſs and peculiar properties of the mi- 
neral waters called acidulous are principally owing 
having been aſcertained 
vendiſh having ſhewn that the gas of calcareous ſub- 


and Dr. Hales and Mr. Ca- 


ſtances was capable of being abſorbed by water; ( 33 


and 34,)-it occurred to Dr, Priefily that the artificial 
impregnation of water with gas might be applied to 
uůleful purpoſes, and that mineral waters might be thus 
It was obſerved that the water which had 
been diſtilled from ſea-water, although free from any 
ſaline matter, was not ſo palatable or briſk as pump- 
This defect Dr. Prieftly propoſed to ſupply 
by impreenating the diſtilled water with the gas ek, 
tricated from chalk by means of oil of vitriol. And T7 
he publiſhed an account of an eaſy methed of effect- 
His method confiſted in col- 3 
lecting a ſufficient quantity of this gas in a bladder; 8 
and) in forcing the Gas from the bladder through 2 
bent tube into the water intended to be 1 impregnated; 
which water was contained in a bottle inverted into 3 * 
baſon filled alſo with water. The Gas thus remaining 
in contact with the ſurface of the water within the 
inveced bottle, is gradually abſorbed, and the abſorp- 
tion is haſtened by agitating the apparatus. The wa. 1 


ter when impregnated acquires the taſte of the acidu- 
lous mineral waters; and accordingly this arcficial 


Of the Gas of Waters, OR 
practiſed, in order to imitate theſe mineral waters, 
Dr. Percival obſerved that the water thus impreg- 
nated acquires more of the ſparkling quality of Pyr- 


mont water by being kept ſome time. (Prieſtiy, I. 32.) 


This impregnation of water with Gas is much faci- 
litated by Dr. Nooth's invention of an elegant and 
well. contrived apparatus of glaſs veſſels for this pur- 
pole, an account of which 18 s publiſhed in the Phil, 
Tranſ. vol. 63. 

63. The Gas contained in water is ſaid by ſome au- 
thors to be more expanſive than common air is; that is, 
that by an equal diminution of preſſure upon theſe 
two elaſtic fluids, the bulk of the former is much 
more enlarged than the bulk of the latter. S'Grave/- 


ande obſerved that a bubble of the Gas in water ex- 
panded ſo as to occupy a ſpace 75000 times greater; 
when the common air ſuffered an expanſion of only 
300 times. And Muſchenbroet affirms that he has 
ſeen a particle of this Gas expand itſelf to a fize 
; 46636000000 times greater, But (he adds) ſuch par- 
ticles are not always to be obſerved in water, and he 
conjectures that this Gas, as well as air, conſiſts of 
particles of different denſities and n Introd. 
ad Philoſ. Nat. & 205 1. 2063. 


That theſe ſingular expanſions of bubbles of Gas 


in water appeared: as is repreſented cannot be doubted 
= when we conſider the accuracy and ability of S'Graveſ- 
ande and Muſchenbroek. But that the Gas of water 


poſſeſſes an elaſticity ſo much greater than common 


Mp air is an inference not eaſily to be admitted, And may 
"FF Dot this phenomenon be otherwiſe explained ? Water 
and other liquids are known to retain ſo powerfully the 


air or other elaſtic fluids which happen to be united 


u ith them, that theſe elaſtic fluids cannot be immedi - 
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ately thence expelled, either by boiling, or by re- 
moving the preſſure of the atmoſphere; but while the 


| liquids remain treed from this preſſure, the air or other 


elaſtic fluid ſeparates from them very flowly and gra- 
dually, forming a bubble which becomes more and 
more large from the gradual acceſſion of exceedingly 


ſmall and almoſt inviſible particles of ſuch elaſtic fluid, 
This very flow ſeparation of air from liquors and the 
gradual formation of bubbles was particularly noticed 
by M. de Luc when he was making thermometers. It 
ſeems therefore probable that the enlargement of the 
bubbles obſerved by the Dutch Philoſophers did not 


proceed merely from an expanſion of a given quan- 


tity of air-or other elaſtic fluid, but principally from 
the acceſſion of more particles of this fluid diſengag- 
Ing themſelves from the water during the experiment, 


and uniting with the bubbles ready formed. 


Maſchenbrocł ſays alſo that by doubling the preſſure 
he reduced the elaſtic vapours of a fermenting paſte 


to a quarter of its former ſpace: And he thinks that 


| . moſt elaſtic fluids are not ſubje to the ſame law as 
air is, namely, that the ſpaces occupied by them are 
"inverſely as the powers with which they are Om 


ſed. (Introd. ad Phil. Nat. $ 2031.) 
As Muſchenbroek does not relate the. manner in 


which the above-mentioned experiment was made, we © 
cannot ſlay whether ſome error might not ariſe from 
condenſation of watery vapours or abſorption of Gas, 9 
by different reſult however was the conſequ ence of the | 
following experiment, 
7 filled a bent tube open at one end only with ſome 
Gas obtained by adding vitriolic acid to chalk. By pour- 
ing mercury into the tube, a quantity of this Gas 
Was included between the cloſe end of the tube and 


the 
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che ſurface of the mercury. I meaſured the ſpace 
occupied by the Gas thus expoſed to the compreſſion 


of the atmoſphere, and alſo of the column of mer- 
cury in the open leg of the bent tube above the ſur- 
face of that fluid in its cloſed leg. I then varied the 


height of this column of mercury by pouring more 


of this fluid into the tube, and I obſerved the reſpec- 
tive diminutions of ſpace which the gas ſuffered from 
the encreaſed compreſſions. By comparing the ſeveral 


obſervations which I had made, I found that the 
ſpaces occupied by the Gas under different preſſures 


were to each other inverſely as their reſpective com- 
preſſing forces, and conſequently that this elaſtie fluid 
is ſubjcct to the ſame law | in chis e as common 
air is. 17 


4 The bulk of every permanently elaſtic fluid i 18 bby in the 
inverſe proportion to its prefſure, with the ſame heat. But as con- 
crete bodies are ſubject to very different expanſions by equal degrees. 
of heat, ſo alſo are gaſes. Dr. Prieſtly has made experiments to 
meaſure the expanſions of ſeveral of theſe fluids, while the mer- 
cury of Fahrenheit's thermometer was expanded 10 degrees. The 
proportions of theſe expanſions to each other are expreſſed in the 
en g table. 


Common Air — 18.32 
Inflammable Gas — 2. og 
Nitrous Gas — 2. 02 
Calcareous Gas — 2. 20 

Narine acid Gas — 1.— 2. 
Deflagrating Air — 2. 2r 

Pͤhblogiſticated Air — 1. 65 
Vitrialic acid Gas — 4 


Alkaline Gas nn 4 75 


E 3 5 CHAP 


CHAP. IX. 


Or Vitriolic acid C as. 


64. HE Vitrielic acid is capable of being raiſeck 


bils or other inflammable ſubſtance, into an elaſtic fluid, 


- which is not condenſable by cold, as Dr. Frieſth has 


ſnewn. (II. p. 7.) 


65. This Gas is. very = abſorbed by —_ toe X ST 


when thus brought into the form of a liquid, it pol- 
ſeſſes all the properties of the vitriolic, or rather per- 
| haps of the volatile vitriolic or ſulphureous acid. As 
this Gas ſo readily unites with water, it therefore can- 
not be collected in veſſels filled with this liquid, but 
with ſome fluid on which it has no action, as mercury. 
65. The ſame kind-of Gas may alſo be obtained 
by means of heat from concentrated vitriohc acid and 
ſeveral metal'ie ſubſtances, às copper, ſilver, lead, iron 
and zin. We fhall afterwards ſee that a Gas of a 
: different kind may be obtained from the ſame acid in 


a dilute ſtate acting upon ſome of theſe metals, Seo 


Cbap. 12 on n gas. 
67. The properties of this Gas as obſerved by Dr. 
Prijt'y are, 
4. It was beavier than common air, 


b. It extinzu"ſhed fame. 


c. It 
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by means of heat, and of mixture with 


c. It diſſolved ice very faſt. | 


4. It was abſorbed by charcoal, to which it communi- 
| 3 F cated a very pungent ſmell. | | 
re. It 4 ſolved camphor r each, and reduced it to a 
tranſparent liquor, from which, by addition of water, 
2 B camphor was re- produced. 
F. It did not act upon iron, nitre, common ſalt, or 
2 ö fal ammoniac. 
. It formed a white cloud upon being mixed with a 
vapour of volatile alkali. 

95 It injured common air. 11. 10% 

1. When electric ſparks were Paſſed thro agh chis gas 
included by means of quickſilver, in a glaſs tube, che 
ſides of the tube became tinged with a black Hain, 


I. 209. F 


I The ſame ſtain is produced when the electric ſpark, and more 
1 effectually when the electric ſhock is made to paſs through common 
8 air confined by quickſilver. This black matter when *heared ap- 
* . to be pure quickllver. Frieftly III Pref, p. 34+ 
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On nitrous Gas, aud on nitrous acid Cas. 


68. 2 N H E N M 0 NF obferves that ben ni- 


trous acid is added to any metal ſoluble in 


5 that acid, a quantity of gas is produced ſufficient to 
burſt the ſtrongeſt glaſs veſſels, if vent be not given to 
it. And he carefully diftinguithes this gas rom: the va- 

pour of the acid, ſuch as is. raiſed in diſtillation, and is 

again condenſed in the receiver, Deflatibus, & 67. 

Tv: Hales alſo obtained this Gas by diſtilling nitrous. 

acid with a martial pyrite: and alſo by mixing that 


acid with azxti; mony; or with mercury: or with filings 
of Keek ( (Hales's Append.) 


This Gas may be diſtinguiſhed by the name a” ne 


, Poo Gas. * 5 
Dr. Prieſthy procured the ſame Gas by diſſolving in 
the nitrous acid any of the following metals, iron, copper, 


tin, mercury, ſilver, biſmuth, or nickel, and alfo by dif- 
ſolving geld or regults of antimony in aqua regia, He 


obtained little or no Gas by diflolving lead in nitrous 
acid; and he found that the Gas produced by diſſolv- 
ing zu ue in that acid had the properties of the nitrous 
Gas only in a | ſmall degree. (Priejtly, Pal. I P. 110 
end 126.) 


69. Nitrous Gos poſſeſſes the following g Properties. 
4. Dr. Hales obſerved that when this Gas was mixed 
with common air, theſe two fluids unite together, and 
produce bo 4 by their union; the mixture becomes 
red 
+ Ie is called | by Dr, Prictty, nitrous air 


n 


On nitrous Gas, ard on nitrous acid Gas. | 57 
| red and turbid ; and its: quantity or bulk is found to be 


Dr. Prieſtly obſerves that the diminution of a mix. 


; mM ture of this Gas and of common air is not an equal 
9 | diminution of both the kinds, but (fays he) of about 
bone fifth of the common air and as much of the n- 
RF © zrous air as is neceſſary to produce that effect; which, 
a * as I have found by many trials, is about one third 


ſh much as the original quantity of common air. 
« For if one meaſure of nitrous air be put to two 
« meaſures of common air, in a few minutes (by 
* which time the efferveſcence will be over and the 
© mixture will have recovered its tranſpareney) there 
ec will want about zth of the original two meaſures; 


* minution will go on very ſlowly, till in a day or 


creaſc of the bulk of the DR ada and produces no 
heat or redneſs. 

The nitrous Gas ſuffers no diminutien upon being 
mixed with any other kind of Gas than air, and con- 


1 teſt, to diſtinguiſh air from other Kinds of ag and 
208 2 egfere its purity. 
E. This gas extinguiſbes flame. Hales 1 


c. It is noxious to animals. But frogs and ſnails were ob- 


1 ſerved to hve in it a confiderable time, although they 


died at laſt in it. Pricfy; I. 119. 226. 


ais gas; and the water thereby acquires an acid taſte, 
po | and 


confiderably 76% than that of the two fluids employ ed. 


« and if both the kinds of air be very pure, the di- 


** two, there will remain only one fifth leſs than the 
original quantity of common air.“ Vol. I. p. 110. 
When air is once ſaturated with the nitrous Gas, 
any further addition of Gas occaſions an equal en- 


1 the diminution is greater when the air is 
purer, as Dr. Prieſthy has obſerved. And he has ac- 
* | cordingly very happily ayphed this nitrous Gas, as a 


d. Diſlilled water abſorbs about 7; of its bulk of f 
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bulk, a mouſe could live in it. PFrigftly, I. 189. 120. 


ſenſible acid impregnation, unleſs it comes into contact, or 1s 
mixed with a portion of air. Prizfly, I. 318. 


58 On nitrous Gas, and 

and becomes covered with a film. 4 Nitrous Gas was 
by long agitation in water rendered capable of being 
diminiſhed by freſh nitrous Gas, as air is; and when by 
this agitation it was reduced to zyth of its original 


e. Nitrous Gas being expoſed to a large ſurface of | 


iren during two months, was rendered capable of main- 
taining flame, and even enlarging the flame, although it 


continued highly noxious. The ſame effects were 
produced by expoling nitrous Gas to liver of ſulphur, 


during twenty four hours; (Prieſtly, J. 216. 217. 
II. 178,) and to a mixture of filings of 1 iron and 


ſulphur. (Id. III. 141. | | 
A Gas, poſſeſſed of this. inflanmable property, may 


be procured by difolving tin or 2106 in nitrous. acid, 
It may alſo be obtained by applying heat to a ſolution 


of iron in that acid, after the common nitrous Gas had 


eſcaped from it during the olution, without heat, 
Prieſtly, III. 133. &c. 


J Nitrous Gas was diminiſhed, by expoſure to iron- 


Sous and ſulphur made into a paſte with water, to ith 
of its original dimenſions. When it has been hos 


diminiſhed by iron-filings and ſulphur, the refiduum 
cannot be diminiſhed by common air, nor by agita- 


tion in water. Prieſt'y, I. 223. 


g. The elehgric ſpark taken in nitrous Gas diminiſh- 


ed this Gas to about 3 th of its original quantity, and 


rendered it unfit 5 diminiſhing air, When this 
ſpark was taken while the Cas was in contact with a 


ſolution 3 iP 


+ Mr. Beau remarks that this Cas does not give to water a 


Wo eleven times the quantity of oil employed. The 
whole of a given quantity of Gas however could not 


ft 


vn nitrous acid Cas. ; 59 
ſolution of archil in water, the colour of this ſolution 
was changed from blaz to red, in a 7 . degree, C. 
(Prieftly, J. 220. II. 238.) 

5. Nitrous Gas wWas very ſuddenly and copiouſly 
abſorbed by ſpirit of nitre; the colour of which was 
thereby changed firſt to a deep-orange then to a green. 
The quantiry of Gas abſorbed by a ſtrong ſpirir of 
nitre was in bulk 650 times greater than the quantity 
of ſpirit employed. Towards the end of the proceſs, 
the evaporation of the acid ſpirit was obſerved to-be 
ſo very great, that, at laſt, only half the quantity of 
ſpirit remained, and this was further obſerved to be 
very weak. The abſorption of the Gas ſeems to have 
rendered the ſpirit very volatile. e 0. — 
Exp. III. 122. &c. 
Oil of Vitriol was obſerved to abſorb about as iel 
7 of this Gas as water does ; and to be thereby rendered 
2 of a purple colour. Id. III. 129. 
8 Spirit of Salt imbibed th of its bulk of this th 
and its colour was thereby changed from yellow 


to a k y-blue. Id. III. 129. 
This Gas was alſo abſorbed by concentrated | VeLee 


table acids. Id. III. 130. 
1. Nitrous Gas has been e by De. Prieftly 
to be capable of ab/orption by oils, ether, ſpirit of wine 
and by cauſtic alkali. The quantity abforbed by oil of 
turventine was conſiderable, being equal in bulk to 


be thus abſorbed ; for a reſiduum, which extipguiſhned 
a candle and ſeemed to be like air which had been 
expoſcd to burning ſubſtances, remained equal to ith 


x Prieftly, TE-112 . KC, 


of the quantity of Gas expoſed to the oil of turpentine, 


E. Nitrous 


* 
| 77 
j 
74 
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60 Ou nitrous Gas and 


E. Nitrous Gas | is preſently decompoſed by a ſolu- | 
tion of green vitriol in water; the colour of which is 


thereby rendered dark der, dot i is reſlored to green, on 


expoſing the ſolution to air. Prigſiy, III. preface 33. 


70. Dr. Prieftly thinks that this Gas conſiſts of the vas 


Pour of the nitrous acid united with phlogiſton, toge- 
ther perhaps with ſome {mall Partien of metallic calx. t 
„„ 1 | 
And Mr. Bewley juſtly remarks, that this nitrous 
acid in form of a fluid, not condenſable by cold, can- 
not be. re ſlored to a liquid ſtate without the preſence 
and admixture of air. ( Priefly Append. J. 318.) 
Ae eg appearance therefore which takes place 
upon mizing nitrous Gas with air ſeems to proceed 
from the many ſmall particles or minute drops of ni- 
trous acid juſt reduced from an elaſtic ſtare to that 
of a liquid; and theſe particles gradually ſubſide, or 
are abſorbed by the water, and diſappear. ; 


71. Not only the Gas above deſeribed may be ob- 


5 tained from the nicrous acid; but alſo the mere va- 
pour of heated ſpirit of nitre was obſerved by Dr. 
Prieftly to aſſume the form of Gas: at leaſt, it remain- 
ed uncondenſed by the cold of the atmoſphere to 
which it was expoſed. II. 169. 


The difficulty of finding a fluid capable of confin- 


ing this vapour, and on which it has no action, pre- 
Wente 2 complete inveſligation of it; for it was rea- 
dily abſorbed by water, and it diſſolved quick:-ſilver. 
Our knowledge of it is therefore very imperfect; but if 
it ſhould be fond upon further examination to be a 
permanent Gas, it may be denominated Nitrous acid 
Gas; while the Gas deſcribed in the preceding ſectionz 
may retain the name of Nitrous Gil... 


When 
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du aitrbus acid Gass. 6t- 


When this vapour was mixed with nitrous Gas, the 
F » mixture became red and turbid, the nitro! as Gas was 
7 diminiſhed, and its power of diminiſhing air was leffen- 
ed. II. 170. | 7 
br. Prieſt, to whom we are indebted for. every 
thing we know concerning this Gas, not finding any 
liquor capable of containing it, threw this. vapour, 
which he obtained from nitrous acid diſſolving metals, 
into phials containing air, by which means the phials, 
vere filled with this vapour mixed with air. The 
vapour in theſe phials was obſerved to be red; and 
W the intenſity of the red colour of this vapour, and al- 
1 ſo of the high coloured ſpirit of nitre itſelf was en- 
"IX creaſed by heat. This phenomenon Dr. Prieſt !y at- 
YA | tributes. to the action of heat on the phlogiſton con- 
XX tained in the vapour and acid. ; 
This vapour being mixed w ith air, and afterwards 
2 ſeparated from the air by being abſorbed by water, 
was found to have fo altered the air, that it was no 
3 longer capable of diminiſhing nitrous Gas. III. 192. 
Water very readily ibſorbs this vapour, and is 
thereby, converted into a ſpirit of nitre, the colour of 
which varied according to the ſtrength of the impreg- 
nation, from blue to green and thence to a yellow ith 
= hue. III. 198, _ | 
2 During the beginning of the impregnation of the 
| water with this nitrous 1020 vapour, the water was ob- 
i & ſerved to ſparkle much; and the impr 


repnated water 


ic XX gradually emitted fo much elaſtic fluid during two or 
three days after the! impregnation, that the veſlels, if 

„ loſely ſtopt, were in danger of burſting. This 

_ | elaſtic fluid was expelled more copiouſly by heat; 

. = and upon examination, was found to be nitrous Gas. 


cr 
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28 


62 On nitrous Ges, and on nitrous acid Gas, 


The quantity of this Gas which was expelled from 
impregnated water was in bulk ten times greater thin | : 
| the water employed. But it appears from Dr. Prieſt. 
Ws | ly's former experiments that water can abſorb wed 
i v*th of its bulk of nitrous Gas; therefore this large 5 
quantity of nitrous Gas does not enter as nitrous Gas 


. wa 7 a 
mixed with the acid vapour into the water; but dem k 
I to be formed 24 the union of the vapour with the | 
. | = 
WE | This acid vapour united with expreſſed oils, render- = 
Fg ed them of blue and yellow colours, and coagulated 1 


. them. By combining with eſſential oils, it produced 
wi beat, efferveſcence, and once an 2888 worry W 


4 "Uk. 208. 210. 

WH I be Gas produced by he union of the vapour With 

| odils was found to be fimilar in its Properties” to air 2 
[i | which had been expoſed. to > burning or Ll & 
= bodies. HE. B 

1 Oil of vitriol and ſpirit of ſalt imbibed this 200 2 

WR 1 Br ae "IHE ſpirit of ſalt thus impregnated became 7 


an aqua regia which readily diſſolved gold; and : 
when hagtel, it yielded a conſiderable quantity of ni- 4 
trous Gas, in the ſame manner as the rea, P 
water was obſerved to do. But no gas could be ex 
pelled from the impregaated oil of vitriol. III. 222. 3 5 
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] "” marine acid Cas. 
r. 
ed 70. Wards s have remarked that a OED HEL 


quantity of elaſtic uid is diſc.gaged dur- 
d. 3 9 ing the diſtillation of ſpirit of ſalt by means of oil of 
| Fe And Van Helmont obſerves that, upon adding 


th nitrous acid to ſal ammoniac, ſo much Gas is produced, 
air 4 oer application of heat, that the ſtrongeſt and larg- 
ic eſt veſſels will burſt, if vent be not given. De flatibus: 10 
S. 62. 
cid q id k Mr. Cavendiſh collected a quantity of this Gas, 
0 4 which aroſe from ſpirit of falt ating upon Copper. 
nd 2 bil. T ranſ.. vol. 56. And Dr. Prieſtly has alſo pro- 
1. cured it from the ſame ſpirit acting upon other 
tel 1 Ike and even without addition of any metal or 
*. other fubſtance, merely by application of heat to the 
22. 1 marine acid. He conſiders therefore this Gas only as 
9 155 marine acid reduced to an elaſtic ſtate, not con- 
denſable, at leaſt by the common cold of the atmoſ- 
Y rice Accordingly it had been obſerved that in the 
rden of ſpirit of ſalt much of the ſtrongeſt Va- 
Pour eſcapes uncondenſed; and Mr. Woulfe, in or- 
7 aer to prevent this loſs, has invented an apparatus, 


e 


by means of which the vapour is made to paſs 
* Tree through water, and is thereby condenſed. 

(bil. Tranſ. vol. 57.) For water very readily. abſorbs 
@ this Gas ; and thus a ſpirit of ſalt is compoted's as 
e 


> 


, On inflamrncbly gas. 
Dr. Prieftly ſhews (vol. I. 148.) Tre is as quickly 
diſſolved by this Gas, as it is by a hot fire. (Id. p. 
240. 5 F 
e Gas 4¹ e pon many metallic and infanimable 
Jubſtances, and is thereby changed into an inammable 
as, as is ſhewn in the following chapter. But the 
fumes of liver of ſuiphur did not render it inflemmable : 
1 heſe fumes reduced its dimenſions to one half, 
(Prieſtly, J. 235 * 1 „ 

Marine acid Gas was diminiſhed by the clectric ſpark 
paſſing through it. (Prieftly, II. 239.) 3 | 
74. This Gas extinzuiſhes fame; and when d 
ich air, it gives to flame a beautiful green or bluiſtt 


colour. (Prieſt, Jo. J. 147) 


+ On 23 cdi. 3 


& © 


: 756. 0 ME Re are found to be capable of bes 
& ing inflamed. Theſe are procured from very 
different matters and by very different methods. Pro- 
bably therefore rural Kings of inflammable Gas may 
exiſt; 
76. An ;infammable Gas is a; found in 
mines, eſpecially coal- mines, which ſometimes takes 
fire, and explodes with great danger to the miners. 
77: Pr. Hales obtained an inſlammable Gas by dif. 
tilling rwax, pitch, ovſter-ſhells, peaſe, amber, and ccals. 
Probably it might be obtained by applying heat ſud- 
| denly to any ary inſſammable matter, without excepting 
Rs even the in fammable. or calcinable metals. Dr. Prie ſily 
x procur ed 


On inflammable Gaſes, 65 
procured inflammable Gaſes from clean filings of iron, 
zinc, braſs, and tin, by expoſing theſe ſeparately to the 
focus of a burning lens, in vacuo; and likewiſe from 
iron filinzs and chalk. 11. p. 107, &c. But he could 
not produce any inflammable Gas from biſmuth, regu- 
lus of ontimony, nickel, lead, or copper; nor from metal. 
lic calxes.. 

78. An inflammable gas Ny be produced by diſ- 
ſolving iron, zinc or tin in the diluted vitriolic, or marine 
acids. | 

According to experiments made by Mr. Cavendi ſp, 
one ounce of Zinc diffolving in either of the above 


acids produced a quantity of inflammable gas equal 


in bulk to 356 ounces of water; one ounce of iron 
diſſolving in ſpirit of vitriol produced a quantity of 
gas equal in bulk to 412 ounces of water; and an 
ounce of tin produced as much gas as occupied the 
ſpace of 202 ounces of water, Dr. Prieft'y has pro- 
duced an inflammable gas by diſſolving zinc and! iron 
in radical vinegar ; and by difviving. copper, lead, | 
and regulus of antimony in ſpirit of falt. III. 255, 
256, This water over which this gas 1s contained 
becomes covered with a thin film, which is red, like 
ochre, if the gas has been procured from 1 Iron, and is ; 
white if from zinc. Er. I. 38. 

79. Marine acid gas, or, the vapour of concentrated 
marine acid may be changed into an inflammable gas by 
acting upon inflammable ſubſtances, as ſpirit of wine, 


il o F clives, oil of turpentine, charcoal, phoſphorus, ſul- 
pPpbur; and alſo upon ary cork, oak, ivory, os and- 


F even flint. (See Dr. Prieſtiy, p J. 149 and 232.) 1 his 0 
marine acid gas being expoſed to gquicklime till 4x were 
abſorbed, the remainder was obſerved to be inflam- 


mable. (Pricſtly, 1. 2 OT 


* 


80. An 


66 On infiammable Caſes. 
Zo. An inflammable Gas is expelled from putreſy- 
ing anima or wve-ctable matters. I he waters of ſome 
rivers into which much fermentable matter 1s waſhed, 
as of the Thames and the Aluta, after having been 
confined during a certain time in caſks, emit an in- 
flammable gas. Of the quantity of this gas which 
may be obtained from given quantities of putrefying 
matter. See chap. 4; § 35. 
$1. An inflammable gas exhales from liver of ſul- 
phur, upon adding an acid; as Meyer and Rouelle have 
obſerved. ¶ Lavciſfer, I. 161.) 
8a. Cygna obſerves that ai. ſaturated with volatile 
alkali © is inflammable, _ 
83. Dr. Prie/th found that the electric ſpark taken 
in oil, ether, ſpirit of wine, or ſpirit of ſal ammo- 
niac, produced an inflammable gas. I. 242. 245. 
844. The quantity of inflammable gas obtained was 
obſerved to be greateſt when the diſtillation of inflam- 


1 mable matters was haſlily performed and with a heat 


ſuddenly raiſed; or when the ſolution of metals in acids 
proceeded with the greateſt vehemence, as when heat. 
was applied, and acids of a proper ſtrength were em- 
ployed; and when the putrefattion of animal and ve- 
getable matters was ho/tily excited. Prieſtly, I. 58. 
e The ſpecific gravity of inflammable gas was 
found by Mr. Cavendiſo to be eleven times leſs than 
that of common air, when this is doo times lighter 
than water. 


86. Mr. Cavend. 2 did not and that ls gas was 1 
abſorbed by the water, over the ſurface of which it | 
ſtood: and it certainly may remain thus long without 


any conſiderable diminution. | But Dr. 7 rieſtly ſays 
that by agitation in boiled Water, no leſs than ? 
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On innammable gas. 67 
this gas may he abſorbed and that the remainder was 
but weably inflammable. I. p. 67. 

2 97. Inflammable gas is not diminiſhed by fumes of 
liver of ju pbur or by the elefric jpark, Neither did 
the electric ſpark paſſing through this gas change the 


ſiderably enlarged ; it was rendered leſs inflammable; 


nearly as much as air is. Prieſtly, III. 366. 
88. The contact of air is neceſſary to the inflam- 


ces. Mr. Cavendiſ has made experiments to diſcover 


air, previouſly to the inflammation and he found the 
| 1 following reſults. | 

A mixture of nine parts of air with one part of i in- 
Z flammable gas, did not fire caſily, and the inflamma- 
tion was accompanied with little ſound. 

SS Two parts of inflammable gas and eight parts of 


duced was moderately loud, 


Three parts of inflainmable gas and ſeven parts of 
air gave a very loud tound. 


Pour parts of inflammable gas and fix parts of air 
gare a ſound very little louder than the former MIX» 
ture. 


Equal parts of gas ad air founded like the laſt mix- 
ure. 


1 mixed with one part of gas, the flame ſpread gradu— 


Ihe chree next experiments, no light could be per- 
= F 2 ceived, 


colour of a ſolution of archil in water. (Prieſiy, I 5 
247.) Ihe effects of expoſing this gas to oil of tur- 
pentine were remarkable. Its bulk was thereby con- 


and it was made capable of diminiſhing nitrous gas 


mation of this gas, as of other inflammable ſubſtan- 


the effects of mixing different proportions of gas and 


common air, were eaſily fired, and the found brd 


In the firſt experiment, when nine parts of air were 


F Puy through the bottle containing che mixture. In 
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ceived, perhaps becauſe the flame laſted too ſhort 2 
time to make a ſufficient impreſſion on the eye. When 


equal parts of the two fluids were employed, a light 
was feen, 


On inflammable gas. 


A mixture of fix parts of inflammable gas and four 


parts of air produced 2 found which was not loud, 
and after the exploſion it continued to burn a ſhort 
time. 
A mixture of ſeven parts of indammable gas with 
three parts of air gave a gentle bounce and continued 
to burn ſome ſeconds. 7 
A mixture of eight parts of inflammable gas with 


two parts of common air caught fire without noiſe. 
| and continued to burn only in the neck of the bottle, 


From the ſe experiments Mr. Cavendiſh infers, that 


unleſs the mixture contain more air than inflammable 
gas, the air is not ſufficient to conſume the whole of 


the gas, and that the remainder burns by means of 
air ruſhing into the bottle after the exploſion. 5 

89. Inflammable gas is . noxious to animals; but it 
dc es not ſeem to be hurtful to vegetable life; for Dr. 
Prieſtly found that plants grew pretty well ſeveral 


months in it, and chat it ſtill continued inflammable, 
1. 61. = 


CHAP, 
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— Xt 
On Fu minating Gaſes 


90. 0 ME Gaſes are ſo ſudd. ny extricated or 


formed from the ſubſtances containing them, 
* the heat applied, or by means of the action of the 
purts of theſe ſubſtances on each other, or by the con- 


1 currence of both theſe cauſes, that in the inſtant of 
: 43 their formation an Exploſion or Fulmination happens. 

3 91 A Gas of this kind is produced by the defla- 
Y ien of ni:re with inflammable ſubſtances. Van Hel- 
: mont. complex. &c. figment. $ 21. &, Hence the ex- 
179 YG Gon of gun-powder, ard of the fulminating Dowder 
$ L ; e of nitre, ſalt of tartar, and flowers of ful- 
3 

The quantity of; gas obrained from gun powder was 

1 5 by the experiments of Mr. Robins + to be 
1 Laa in bulk to 244 times the bulk of the explo- 
ded gun- powder, when this gas is compreſſed by the 

. Eater and reduced to the ſame heat: And as the 


expanſion of the air appeared from his experiments to 
oe increaſed four times by the heat of iron juſt begin- 
ning to be white, he infers that if the elaſtic fluid of 
enn perde, be equally affected by heat as air is, its 
„ expanſive 


5 


+ Robins © on Principles of Gunnery, 


Ji 


oy. 


— On fulminating gaſes. 


expanſive force in the inſtant of exploſion is nearly 2 
thouſand times greater than the preſſure of the atmoſ- 
phere; a force ſufficient to produce the effects of 


= one. 
Boy e obſerved chat the gas of gun powder was 


Fs to animals. And Dr. Prieſtly round that the 


gas obtained by applying heat to a mixture of nitre 


and ſulphur was the nitrous 805. vn 90. 


He ſuſpects however that when heat is ſuddenly 
applied, a kind of air may be obtained, For he found 
that in making the clyſſus of nitre with ful phur, one 


twelfth part of the gas produced, precipitated lime 


from lime: water; and the remainder was fimilar to air, 
which had been expoſed to burning ubſtances. And 
vrhen nitre was deflagrated with chic one twenty - 
eth part occaſioned a precipitation in lime water, and 
the " Iemainder. diminiſhed very contiderably nitrous 
gas I. 339. 


WY Sore metallic bereiten are capable of fulmi- 
nating. 


Mr. Bayen has . that various mercurial 


about z ch part of flowers of ſulphur and atterwards 


heated. Of theſe precipitates the following are the 
principal. HE 9 
4. Precipitates made by adding a fixed alkali, mi'd 
or cauſtic, or a volatile mild alkali, or lme-water, o a 2 
ſolution of mercury in #/tr0us acid. = 

b. Precipitates made by adding ed alkłalis . or 1 
cauſtic, or lime water, to a ſolution of corref ve ſubli- 


male in Maker. 


The preparation called ſu/mirating gold is 
well hows. The gas produced during its exploſion 
has not been examined. 


precipitates fulminate, when they are triturated with 
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WP | On fulminathig . a i 7 I 
1 "© A Precipitate or mercurial calx prepared by digeſt- 
ing, in a fand-bath, Turbeth mineral, wih a tolution 
of fired alkali in water, till the precipitate became red. 
9 Mr. Bayen remarks, that no detonation was pro- 
duced by mixing theſe precipitates with powdered 
charcoal, and applying heat to the mixture, and alſo 
that the detonation was obſerved to be ſo much the 
ſtronger as the precipitates were more deprived of 
their acid. Thus the precipitate from the ſolution 
of mercury in nitrous acid by means of volatile alkali 
detonated very weakly, till it had been deprived of 
much of its adhering acid by calcination : And no de- 
X tonwion was produced by the precipitate which had 
been made by adding volatile alkali to a ſolution of 
corrofive ſublimate in water ; for it appeared upon 
@ expoſing this precipitate to a ſubliming heat that che 
Y | whole of it was in the ſtate of ſweet mercury, and 
© that conſequently much acid adhered to it. 
94. The detonation of nitrous and other powders 
TX i is an effect too ſtriking not to have engaged the at- 
© tention of philoſophers. Stabl maintains that the wa- 
ter of the nitre is converted into air. M. Macguer 
1 very ingeniouſly conjectures that, in the operation, a 
1 nitrous ſulphur is formed, which inflames at the in- 
1 ſtant of its formation. (See the article“ Detonation of 
| nitre” of the Difionary of Chemiſtry. 

I Dr. Black 1s of opinion that the fulminating gold 
4 derives its detonating property from ſome gas which 
a 4 adheres to it, and which it had received from the al- 

4 9 Vale precipitant ufed in the operation. However 
or mis explanation may be applicable to the fulminating 
li- 4 geld; it cannot be applied to explain the fulmination 

4 ot the mercurial precipitates of Mr Bayen; for ſome of 
A 4 theſe were prepared by cauſtic alkalis and by quick- 

. 1 lime. 
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72 On fulminating gaſes. 
line. Mr. Bayer thinks that the tulmination of theſe 
pre ipitates is the conſequence of a commotion ex- 


cited between the mercury and the ſulphur at the in- 
ſtant of the combination taking piace by which cin- | 


nabar is formed. And this opinion is confirmed by 


the heat and even ſpontancous inflammation which 


happens when ſulphur and crude mercury combine 


| together, 


Whatever be the cauſe which excites ſuch commo- 
tions, the detonation itſelf conſiſts in the ſudden con- 
cuſſion which the air receives from the inſtantaneous 


production of an elattic fluid expanding itſelt with great 


violence. In the notes to the firlt Engliſh edition of 


the Dictionary of Chemiſtry I ſuggeſted, at the arti- 


cle Fixable Air, that the elaſtic fluid produced in the 


detonation of Nitre was formed from the ni trous acid 


probably combined with the infammable principe and 


that theſe are converted into he ftate of gas by the violence 
of the action of this acid and of the inflammable mat- 
ter on each other. 1 his cpwion of the converſion of ni- 
treus acid into gas by the detenation of nitre has been 


ſince confirmed and eſtabliſhed by late ex; eruments, 


which ſhew firſt tat the gas thereby prouu ed is 
principally that which we have deſcribed under the 


name of nitrous gas, ( 92.) and ſecondly, that, this 


nitrous gas is the nitrous acid in the ſtate of gas, pro- 


bably combined with inflammable matter; and is 


again convertible into the liquid nitrous acid by being 
mixed with air. (§ 70.) 
The detonation likewiſe of Mr. Bayen's mercurial 


precipitates is occationed by the production of an 
Elaſtic ſtuid; 


id; and 1 think that this fluid alſo proceeds 
from the converſion of ſome adhering portion of the 
ac id, in which the mefcury had been diſſol ved, into the 


Rate 


* 


On fulminating gaſes. 73 

ſtate of gos, (together probably with ſome of the 

phlogiſton of the meta or ſulphur, by means of the vio- 

leat beat and motion excited between the mercury 

and the ſulphur in the act of combination, while 

the mercury is forced from its union with the ad- 

hering acid. For, it appears both from Mr. Bayen's 

experiments, and from analogy of other precipi- 
tatations, that ſome acid always adheres to the pre- 
cipitate; and probably alſo ſome of the alkaline or 

carthy precipitant. It is true indeed that when much 

acid adheres, the fulmination does not happen, 

as Mr, Bayen remarks. Ihe reaſon of which may 
be, that the combination between the mercury and 

ſulphur is by this abundant acid fo prevented or 
retarded, that the heat and motion requilite to effect 

the converſion of acid into gas are not produced. 

| It appears then from Mr. Bayen's experiments that 
not only che nitrous acid but alſo the marine acid is ca- 

pabie of detonation, and, accordigg to the above con- 

x Jecures, ot being converted into Gas, 
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CHAP; XIV. 


Of Gas obtained by reducing metallic Calres. 


95. J T has been long obſerved by Metallurgiſts that 
metallic calxes ſuffered a diminution of weight by 
their revival or reduction to a metallic ſtate; and that 
this reduction was always accompanied with e fferveſ- 
cence, or diſengagement of an elaſtic fluid. Mr. Boyle 
found that minium by being expoſed to the focus cf a 
burning glaſs in veſſels open or hermetically ſealed 
loſt conſiderably of its weight; and he alio oblerved 
that when the operation was continued, ſuch a quan- 
tity of elaſtic fluid was produced, that the cloſe 
veſſels burſt. Boyle's Works, IV. 149. 
Dr. Hales obtained a gas by diſtilling lead and mi- 
num in a gun barrel. (Analy/is of air. Dr. Prieftly and 
M. Lavoiſſer have alſo obtained elaſtic fluids from mi- 
nium merely by application of a heat not more intenſe 
than was communicated by the flame of a candle ap- 
pg to the phial containing the minium. 
r. Prief'y obſerved. that much gas was produced 
We the revival of a calx of lead by the electric 
ſpark. (Os ſerv. and Exper. I. 192.) 
M. La voiſſer reduced two gros of minium, by 
adding twelve grains of charcoal previouſly well 
burnt in a cloſe veſſel, and expoſing the mixture to 
"*; he 


Of the gas obtained * reducing calbes. 75 
the focus of a lens; and thus he obtained fourteen 
cubic inches of gas. (Opyſcul. I. 238.) 

96. The gas obtained by reducing metallic calxes 


| fame, and is noxicus to animals. M. Lav: er conli- 


ſubſtances, with this difference only, that 1t contains 
ga larger portion of common air. (Opuſc. I. 319.) His 
1 | exprriments induced him to believe that, in the re- 
gduction of minium by means of charcoal, a quantity 


270. 
97 It has been obſerved (8 14. that metals dur- 


| quid weight probably proceeds from ſome part of 
the air ibforbed; The reverſe ſeems to happen in their 
reduction; the metallic bodies then loſing their ac- 


received during calcination. and which ſcems to eſcapæ 
from them in form of gas. 


of Alkaline Gas, 


a phial containing volatile ſpirit of ſal ammoniac, he 
expelled much vapour, which being received into a 
veſſel 


occaſicns a precipitation in lime water, exlinguiſbes 


ders it as of the ſame kind as the gas of calcareous. 


of waler is Gilengaged from the metallic calx. Lid. 5 


ö ig their calcination acquire weight, and that this ac- 


2X quired weight, together with that matter which they 


0 T only the vapour of acids but alle that 
of volatile alkali may be raiſed into a per- 
manent gas by means of heat, as Dr. Prieſtly has 
found. Fhus by applying the flame of a candle to 


— — 
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76 : Of alkaline gas. 


veſſel filled with quickſilver, continued uncondenſed 
by cold. When mild volatile alkali was employed, 
he obſerved that much of the gas which combines 
with alkaline and calcareous ſubſtances was alſo ex- 
pelled. He therefore preferred the cauſtic volatile 
alkali, for the purpoſe of obtaining this alkaline gas. 
(Experim. and obſerv. I. 163, Sc.) 

99. Alkaline gas is very readily and copiouſly ab- 
ſorbed by water, with which it forms a very ſtrong vo- 
latile alkaline ſpirit, It alſo diſſolves ice as faſt, as if 
the ice were expoſed to a hot fire, This gas unites 
with the acid gajes, forming concrete ammoniacal 1alts ; 
and with the gas of e e ſubſtances, with which it 
concretes into oblong lender cryſtals. 

100. Cygna ſays that air ſaturated with volatile al- 
Kali is rnflammable. Dr. Prieſtly al ſo obſerved the ſame 
Property in alkaline gas when mixed with air. 
Alkaline gas was increaſed in its dimenſions by elec- 
tric ſparks paſſing through it; and when as much of 
the gas was abſorbed by water as could be done, the 
refiduum was inllammable. (Prigſtiy II. 240.) 


| 
i 
| 


& various Get 2 22 in the preceding chapter Sz 


101. 1 
3 ing chapters, ſome are mentioned by au- 
thors, and probably many remain not yet diſcovered. 

Dr. Hales obtained Gaſes from nitre, vitriol, and 
ea. ſali, mixed with calcined bones and expoſed to 


fire; 


 ESIDES the Gaſes deferived in the preced- 
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5 Of various Gaſes, &c. 77 
fire; and alſo from coals, clay, ſpar, and felenites, 
(Statics.) 

Dr. Prieſtiy obſerves that a Gas which has the pro- 
perties of that obtained from calcareous ſubſtances 
may be expelled by heat from ſeveral /a/ine matters, 
as green, blue, and white Vitriols, calcined alum, vi- 
: trial: ted tartar, calcined borax, and white-lead. (Expts. 
and obſer. IT. 112. &c. 

M. Krenger obtained an elaſtic fluid which united 
with, and cryſtallized a ſolution of fixed alkali, by dif- 
tilling a greeniſh fuſible ſpar, which was luminous in 
the dark: and he alſo affirms that a large proportion 
df a Gas which cryſtallized fixed alkali, has been ob- 
tained from a white lead- ore by M. Sage. 

Dr. Prieſtly has obtained an ad Gas by diſtilling 
the minerals called Fluors with oil of vitriol, as in the 
proceſs for obtaining the acid of Fluors; [See Dictionary 
of Chemiſtry, Article Fluors.] And he has oblerved 
the following properties of this Gas. Exp. and Olſerd 
II. 187. and III. 285. 

This acid vapour or Gas no ſooner came into contact 
with water than part of it was abſorbed, and at the ſame 
time the ſurface of the water became covered with a flo 


& vey film, ſimilar to that produced by the mixture of the 


acid of Fluors with water, and which Mr. Scheele pre- 
tends to be a quartz or flint. When this film was broken 
another cruſt was formed on the ſurface of the water, 
and ſo on ſucceſſively till the whole of the Gas was 
abſorbed by the water, which thereby becomes im- 
pregnated with a very volatile acid. As this acid 
is ſo readily abſorbed by water, it requires to be con- 
fined in quickſilver. . 
This Gas retains its acid properties; for beſides its 
vaiting ſo readily with water, it forms a cloud with 
alkaline 
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78 Of various Gaſes, &c. 
alkaline Gas, and it may be ablorbed by chalk; from 
which it extricates talcareous Gas. 
Ibis Gas was ed/orbed by charcoal, by rat of iron, 
and by alum, the ſurface of w hich it rendered white 
and opake by ſcizing the watery part of the alum. 
When ſalt. petre was expoſed to it, the veſſel become 
filled-with red fumes, and the Gas was gradually CYMI- 
niſhed till only one tenth part of it remained. One 
fourth part of this reſiluum was ablorbed by lime- 
water, in which it occaſioned a Precipitation. 

Water impregnated repeatedly with this acid Gas, 
and freed from the earthy cruſt, being heated, was 
found to yield a Gas «hich did not form any cruſt 
with water, but poſſeſſed all the properties which have 
been obſerved of V itriolic acid Gas. 


From the above properties of this Fluor acid Gas, | 
Dr. Prigftly is induced to think that the fur acid is 


avt a particule acid, but is the acid of vitrio', charged 
with as much phlogiſton as is neceſſary to give It ty 
form of Gas, and alſo with much of the earthy matter if 
the Fluor. And he is confirmed in this inte 1 
the following obſervations. | 


1. That Fluors contain phlogifton appears evident 
from the effects of diſtilling them with nitrous acid; 


by which means nitrous Gas, and a Cas capable of 
producing a precipitation in lime water, are formed.” 
2. It appears no leſs evident than an earthy n matter is 
raifed along with this Gas, from the cruſt which 18 
precipitated from the Gas, when water is added. 
3. The Gas obtained by applying heat to the water 
impregnated with fluor acid gas, poſleſſes all the Known 
properties of vitriolic acid gas; the water having de- 
prived the acid of the earthy matter which gave to it 
the peculiar properties of the Fluor acid. 
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CHAP, Nu 


 CnjeBures and Speculations cencerning the T. my. of 
' Gaſes. 


102. JIVE daily ſee the ſame bodies aſſume very 
different appearances or ſtates, under dif- 
ferent de dene : And of ſuch changes no in- 
ſtances can be adduced more curious and ſurprizing | 
than thoſe which we have deſcribed concerning the 
formation of the various kinds of permanently elaſtic 
fluids.” We have ſeen that ſolid, hard, and denſe 
bodies loſe at once their cohefion, acquire a repelling 
force, and ſuddenly expand | into a ſpace many hun- 
dred or thouſand times greater than that which they , 
| before occupied ; forming rare, inviſible, elaſtic fluids. 


4 We have alſo ſeen that the moſt expanſive fluids can be 


1 again reſtored to a concrete ſtate, and may conduce 


to the formation of very hard and ſolid bodies. 
To explain theſe changes, exceeds, feat, the limits 


1 of our preſent phyſical knowledge. Conjectures how- 


ever may be admitted; which as they are not intended 


to decide, do not eftabliſh or confirm errors, but may 


. 


3 2 be uſcful by ſuggeſting certain queſtions to be aſcer- 
Cr | tained by future experiments. With this view then 


80 Conjefures and ſpeculations concerning 
103. Many well known facts ſhew that matter 15 
endowed with two contrary qualities, au attrat/ve and 
a fepulſive power, of which ſometimes one, and ſome- 
times the other exerts itſelf in different cireum l ances. 
Natural Philoſophers have obſerved that the Parti- 
cles of bodies attract each other within certain diſ- 
tancesz and that, when they are placed beyond the 
ſphere of each other's attraction, they begin to exert a 
tepulſive power. In order there fore to change a co- 


hering concrete body into a repelling fluid or Gas, is 


it not ſufficient that the particles of that body be re- 
moved to a diſtance from each other,greater than the 
ſphere of their attraction, that their repullive force 

may begin to act? 5 5 
May not Heat, which is known to expand all bo- 
dies to ſuch diſtances from cach other, that their at- 
a e traction 


+ Thus Sir Iſaac Newon ſays, (Optics, Quer. 3 1.) s in 


Algebra, where aſfirmative quantities vaniſh und ceaſe, there ne- 


*« oative ones begin; ſo in mechanics, where attraction ceaſes, 


© there a repulſive virtue ought to ſueceed. And that there is ſach 


. a virtue ſeems to follow from the reflexions and inflex ions of the 


e rays of light. For the rays are expelled by bodies in both 
 %* theſe caſes, without the immediate contact of the reflecting or 
inflecting body. It ſeems alſo to follow from the emiſſion of 
light; the ray fo ſoon as it is ſhaken off from a ſhining body by 
the vibrating motion of the parts of the body, and ge's beyond 


e the reach ot attraction, being driven away with excceding great 
velocity. For that force which is ſufficient to turn it back in 


„ reflexion may be ſufficient to emit it. It ſeems alſo to follow from 


© the production of air and vapour. The particles when they are 


| 4 ſhaken off from bodies by heat or fermentation ſo ſoon as they are 
TE, bey ond che reach of the atrraction of the body, receding from 

it, and alſo from one another with great ſtrength, and keeping 
„at a diſtance, ſo as ſometimes to take up above a million of times 
“ more ſpace than they did before in the form of a denſe body.“ 


f 


the theory of gaſes; | 81 
traction ſhall ceaſe, and their repulſion commence ? 
And is not this the mode of action by which Heat 
raiſes Water, Mercury, and other volatile bodies into 
elaſtic vapours; ſome of which by cold are again 
brought within the ſphere of each others attraction 
and condenſed; while others, poſſeffed of a ſtronger 
Z repulſive power, remain in an expanded ſtate, form- 

ing ſome of the permanently elaſtic fluids called 

IX Gates? 1 uns 
104. May not allo a violent motion or quick vibration 


3 excited among the minute particles of bodies occa- 
X fon a ſimilar ſeparation of theſe particles, and a con- 


ſequent change from a concrete to a repelling ſtate ? 
bus the particles of fire and light are ſuppoſed by 
Sir 1/acc Newton to be thrown off from ignited or lu- 
minous bodies by the motion and vibration of their 
parts, May not allo the violent inteſtine motion ex- 
cited in the particles of bodies during their decompe/7- 
tion and ſolution by menſtruums, as of metals by acids; 
and alſo of bodies undergoing the vinous, putrefafive, 
or other fermentations, produce in the ſame manner the 
gaſes which are known to be formed in theſe ſeveral 
operations? For when any two united particles are 
torn aſunder by the ſuperior attraction or aſſinity of 
a menſtruum or ſolvent, muſt they not at the inſtant 
of ſeparation recede from each other with a force 
equal to that with which their disjunction was re- 
ſiſted; in the ſame manner, as the two parts of a cord, 
ſtretched till it breaks, recoil towards the oppoſite 
points of tenſion. And the effect of the violent ſepa- 
rations of the particles of bodies which occur in che- 
mical decompoſitions, ſolutions, and fermentations 
will appear very great, when we conſider the minute- 

zeſs of the particles engaged in theſe operations, and 
TON 1 G _ how 
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32 Conjectures and ſpeculations concerning 


repulſion of bodies depends on the minuteneſs of their 


fize. For, it is known that the attraction of any two I 
bodies to each other encreaſes as the diſtance between il 
them decreaſes, in ſome high ratio: And as the dit 3 
Lance at which all the particles of any body can ex- 
ett their attractive power upon any other contiguous 
body, may be ſuppoſed equal to the ſemi- diameter of 
the attracting body; therefore the particles of large 
bodies muſt exert that power at a greater diſtance than 3 
thoſe of ſmaller bodies, and conſequently the attrac- 
tive force of large bodies muſt be leſs than that of 3 
| ſmaller bodies, in proportion to the quantity of mat- 1 
ter contained i in each. 3 
105. Some bodies are more diſpoſed than others to i 
be changed from a concrete to an elaſtic ſtate. Thoſe | 

which cohere with leaſt force, will moſt eaſily have 


how much the activity or force of the attrattion and 1 


he” 


their particles thrown out of the ſphere of each others 

attraction. And this ſeems to be the caſe with all 
thoſe bodies which are called volatile, as water, ſpirit I 
of wine, and ether. And is not even the evaporation il | 
of cold water and of ſome other volatile liquids, eſ- 2 
” pecially i in vacuo, occaſioned by ſome of the particles, 4 
at the ſurfaces of theſe liquids, where they are not 3 
compreſſed. by other particles, being thrown by the 4 
agitation, which continually prevails. in fluid bodies, 1 
to ſuch diſtances, that their repulſive force can begia 
to exert itſelf ? f 
But bodies which are eafily exnanded it to an elaſlic 1 
= ſtate, are alſo eaſily reducible to their former ſtate, and i 
are generally condenſable by cold into the fame ſpe- - 
5 cies of bodies as they were before their volatilization. 
For, as their coheſive power is weak, fo alſo is their 
repulſive power; and therefore cold, which approxi 
| mates i 


the theory of gaſes. Wn 
mates the particles of bodies, is capable of bringing 
them again within the ſphere of each other's attrac- 
tion. 

But bodies, on the other hand, whoſe parts cohere 
ſtrongly, and which therefore cannot be disjoined 
without violent efforts, ſuch as thoſe which produce 
the folution and decompoſition of bodies, whether by 
heat, by acid menſtruums, or by fermentations, form 
elaſtic fluids, whoſe repulſive power is ſtronger, and 
which cannot be condenſed merely by cold. "The vi- 
olence of the effort employed in theſe operations ap- 
pears from the heat with which they are accompanied, 
and which is very conſiderable, notwithſtanding the 
large quantity of matter to which that heat is gener- 
ally communicated in proportion to the quantity of 
acting particles. From ſuch bodies therefore are chiefly 
formed the uncondenſable fluids called Gaſes. T 

106. Of all the concrete bodies which we know, 
none poſſeſs ſo firong and general an attractive power 
as acids do. For they are known to unite and com- 

5 bine with water, oils, earths, and metals. Nor do per- 


bt " haps, 


Bs” / = 


W + © The particles of fluids which do not cohere too flrongly 
and are of ſuch a ſmallneſs as renders them moſt ſuſceptible of 
T < theſe agitations which keep liquors in a fluor, are moſt eaſily ſe- 
„ parated and rarefied into vapour, and in the language of chemiſts 
{© are volatile, rarefying with an eaſy heat, and condenſing with 
© cold. But thoſe which are groſſer and ſo leſs ſuſceptible of agi- 
tation, or cohere by a ſtronger attraction, are not ſeparated 
without a ſtronger heat, or verhags not without fermentation. | 
> % And theſe laſt are the bodies which the chemiſts call fixed, and 
being rarefied by fermentation, become true permanent air. Thoſe 
particles receding from one another with the greateſt force, and 
being moſt difficultly brought together, wnich upon contact co- 
here moſt anal a Newton's Optics, Quer. 31. 
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with thoſe ſubſtances which it moſt ſtrongly attracts. 
From this e of motion, mult not the 2 ; 


* Der. 30. 


8 Coenfectures and ſpecalaticns concerning 
haps any bodies reſiſt their action, excepting thoſe 


compounds which are already faturated with acid, as % 
julphur is. When we confider the great activity of il 


acids, and alſo how much the activity of bodies de- 
pend on the minuteneis of their particles, does it not % 


ſeem probable that the particles. of acids are very mi- 
nute, and that to this minutenefs of ſize, theſe bodics il 
owe their ſtrong attractive diſſolving power. 1 


107. There is another body which never appears to E 


us in a concrete ſtate, unleſs when combined with! 


other fubſtances, but waich feems ſtrongly diſpoſed 3 
to unite with every other claſs of bodies, excepting Wl 


perhaps water, with which it does not appear to be 


capable of combining, but by the intervention of 3 


acids. This is the matter of light; thoſe minute par- 3 | 
ticles which have been repelled from the ſurface of | 
the ſun, and other ignited bodies; and are abſorbed 
and combined with acids, and earths, forming the va- 4 | 
rious combullible matters, vegetable, animal, and A 
mineral. +. | 4 = 
Theſe matters it endows with the property X ; I | 1 ; 
flammability, and hence it is called by Chemilts, | £ 
8 . Hlog Tit ons SET A 
= Ko 
Now the amazing tenuity of che matter of light 13 3 a 
well known; and from this property perhaps ariſes its : 
extreme ſuſceptibility of that motion on which heat 0 
depends, and the violence with which it combines : 


Low 
i IEA 
e 
ncles ? 
>” 2 
3 2 0 
* 
"4 3 : 


+ Ot Are not gef bodies and light 3 into one another, 1 
& and may not bodies receive much of their activity from the par. 
„ tioles of light which enter their com pohinop | * Newton' $ cpr Y 


the theory of gaſes. 8 
WF ticles of this matter of light be peculiarly diſpoſed to 
Y pe agitated and thrown from the ſphere of each others 
attraction, and to exert the repulſive faculty. Ac- 
cordingly, not only light itſelf poſſeſſes eminently this 
Y repulſive faculty, but alſo the ſubſtances with which 
this matter is combined are thereby rendered more 
volatile, as numberleſs chemical fads demonſtrate. 
Acids then and the matter of light ſeem to be ſub- 
X ſtances, very capable of being converted by heat and 
motion from a concrete to an elaſtic or repellent ſtate, 
and of forming permanent gaſes. They are alſo more 

X diſpoſed to unite and combine with each other than 
with any other matter. And accordingly we ſhall find 
upon examination of the preceding hiſtory of gaſes, 
that in the formation of almoſt all of them, an acid and 
= phlogiſton enter into the compoſition of the ſubſtan- 

ces employed. May we not then infer that moſt of 
the known gaſes principally conſiſt of theſe two mat- 
ters; and that the differences between theſe elaſtic 
2X fluids ariſe from the diverſity of acids, the propor- 
tions of the component matters, the modes of com- 
bination, and the various other ſubſtances, as earth | 
or water, which may have been originally combined 
with the acid and phlogiſton in their concrete ſtate, 
and may have adbered to them in their expanded ſtate, 
or have entered as eſſential Parts into the compoſi tion 
of the ſeveral gaſes? 
As this inference is important in the theory of 
ses, let us conſider on what grounds it is eſtabliſhed, 
and examine more particularly the conſtitution of the 
ſecveral permanently elaſtic fluids deſcribed 1 in the pre- 
ceding chapters. 
108. We have ſcen that the vitriolic, nitrous and 
marine acids, may, when united with any inflammable 
G 3 | matter 
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matter be converted by heat into thoſe gaſes which 4 
we have called acid, becauſe they ſeem to retain their 1 
acid properties, of acting upon the metallic, alkaline, 3 
and other ſubſtances, with which they combine when 3 
in a liquid tate: and alſo, of uniting readily with wa- 
ter, by which they are reduced to their original ſtate WM 
of liquid acid. As theſe vapours are not condenſa- 
ble by common cold, they have been confidered as 2 
gaſes; but from their eaſy reduction to their former 3 
concrete ſtate, and their retaining their acid proper- 
ties, while in their expanded ſtate, they ſeem to be 
of the more imperfect kind of thoſe fluids. We may 
obſerve, that theſe gaſes are not formed from any vi- 
olent action, inteſtine motion, or decompoſition of bo-: 4 
| dies, but that they are raiſed merely as vapours are, 2 
by moderate heat. Are not then theſe gaſes formed 
of acids volatilized by means of water and. Feen 
Does not the acid part greatly predominate over the 
Phlogiſtic in their compoſition; and is not the pho. I 
giſton in a very imperfect ſtate of combination with | 3 
the acid, becauſe this acid is united with much water, | 2 
and water does not eafily combine with phlogiſton? W I 
And do not the acid properties of theſe gaſes depend f 
on this imperfeci combination with phloſtiſton, and 3 
on the predominancy of acid in their compoſition ? ll 
110. We have ſeen that the vapour raiſed from v. 
Jalile alkali was found to be not condenſable by th. 4 
cold of the atmoſphere; and we have delcribed | it, 2s 1 
we have done the ee denden acid vapours, un- 3 | 
der the name of Gas. But we may obſerve of both 
acid and alkaline vapours, that 1f, upon further ex- 4 
amination, they be found not condenſable by any cold 
which we can apply to them, and be therefore com- 2 
prehended under i e definition of 825 given in Chap. g 
: — ef 
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the theory of gaſes. _ 87 
they muſt be allowed to be of the moſt imperfect 
kind of gaſes. For neither the acid or alkaline va- 
pours can be conſidered as compounds formed, dur- 
jog their expanſion into an elaftic ſtare, from decom- 
poled and violently ſeparated parts, but are the mere 
entire vapours of the bodies from which they are 
raiſed, retaining, while in their elaſtic ſtare, the proper- 
ties of theſe bodies; and capable of being reduced, 
when condenfed by water, into concretes or bodies 
ſimilar to thoſe from which they were formed - 
| As to the conſtitution of this alkaline vapour, it 
may ſeem to afford an exception to the propoſition 
above mentioned, that the known gaſes principally 
conſiſt of acid and phlogiſton. But, beſides that al“ 
kalis themſelves ate believed by Chemiſts to conſiſt 
of earths imperfectly ſaturated with acid and phlo- 
gi iſton; this exception cannot be admitted, till the 
Permanency of the elaſticity of this vapour, and its if 
claim to the ſtate of gas be aſcertained. At the ſame 9 
time however that I attempt to ſhew that moſt of the 
gaſes now known, conſiſts principally of acid and 
palogiſton, I admit the probability, that phlogiſton 
may be formed into a gas with any other ſubſtance, 
with which it is capable of uniting, as with earth. 
That phlogiſlon may unite merely with earths, ap- 
pears from the inſtance of metals; if the received 
$ theory of theſe bodies be juſt. The alkaline vapour 
| therefore, if it be really a gas, may be one of this 
kind, conſiſting chiefly of earth and phlogiſton. The 
infamab/e gaſes produced from metals alone merely by 
heat, ($77.) are alſo probably of this kind, conſiſting 
of the ſame component parts as the metals chem- 
ſelves, that is, of earth and phlogiſton, but differently 
proportioned, the earth being. predominant 1 in the me- 
; G 4 _. tals, 


Pa » =p COR ned N 8 1 3 * * J Uh — - 8 22 1 ** 
f 8 Ts SS 2 > —T Bad A 2 a Ta] I 
— 7 ͤͤ ˙ Ä one oe 


* 
XY : 2 


88 Conjefures and ſpeculations concerning 


tals, and the phlogiſton in the gaſes. That the phlo- 
giſtem of theſe gaſes | is not pure and uncembined, we 
may infer from its not being ſeized upon by the air 
| 8s ſoon as theſe fluids come into contact; whereas 
heat and even ignition are required, for the decompo- 
ſition of this, as of the other inflammable gaſes. 
111. We have ſeen that Inflammable Gaſes are 
formed from the vitriolic or marine acids acting on 


iron, zinc, or tin; from marine acid gas acting upon 


theſe metals, or upon almoſt any inflammable ſub- 
ſtance; from many inſlammable compounds, by means 
of heat, as from coals, vegetable, and animal ſubſtan- 
ces, during the decompoſition of theſe compounds; 
and from animal or vegetable matters undergoing the 
putrefactive fermentation. 
I3 all theſe different kinds of inflammable gas, we 
may perceive that acids and inflammable matter are 
the principal ingredients, not only in the metallic ſo- 
lutions, in which the acid unites with the phlogiſton 
of the metals; but alſo in the vegetable and animal Y 
matters, by the analyſis, or by the putrefaction of 
which, inflammable gaſes are produced. For, in theſe 
the vegetable and animal acids abound ; and from the 
inflammability of theſe matters, it appears that the 
acids are combined with phlogiſton. The converfion 
of the marine acid gas into inflammable gas by the 2 
action of that acid vapour on phlogiſtic ſubſtances, 23 
| W ſhews the conflitution of this inflammable 
gas. The inflammability alſo of the diſengaged vapour 
bo he ar of ſulphur can ſcarcely be ſuppoſed to ariſe 
from any other matter than phlogiſton and acid. 
Do not then theſe inflammable gaſes conſiſt chiefly 
of acids and phlogiſton ; as keen all other inflam- 
mable matters do, SISEPLINg perhaps the calcinable 
metls, 


= 


the theory of gaſes 89 
metals. in which the phlogiſton ſeems combined with 
earths, although in metals allo a latent acid has been 
ſuſpected by ſome chemiſts ? 

We have remarked, (S. 105. ) that the moſt per- 
fect gaſes are formed by a violent ſeparation of parts. 
Now, in all the modes of forming inflammable gas, 
the ſubſtances are decompoſed, and their parts violent- 
ly torn aſunder. The quantity alſo, and inflammabi- 
licy of this gas are greater, when the heat is ſuddenly 
applied, or when the ſolution proceeds with violence. 
And accordingly, the properties of this gas indicate it 
to be of the moſt perfect kind. For, it is the rareſt, the 
moſt immiſcible with water, of any known gaſes. 
Theſe properties probably proceed from the phlo- 
giſton which ſeems to abound in this gas, or at leaſt 
perfectly to faturate the acid in its compoſition. Hence 
it may be conſidered as a true elaſtic fluid ſulphur, 
If it ſhould be objected, that the ſaturation of the vi- 
triolic acid with phlogiſton ought to conſtitute a con- 
crete ſulphur and not a gas; the anſwer may be, that 
either ſome third ingredient as earth may perha s en- 
ter into the compoſition of this gas; or, that the pro- 
portion of vitriolic acid and phlogiſton requilite to for 
julphur is probably very different from the proportion 


XZ requiſite to form inflammable gas. For we may 
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obſerve, that there are generally two modes of 
combination inwhich two ſubſtances can unite, 'Thus 
when equal quantities of Ether and Water are mixed, 
two diſtin compounds are formed, in one of which 
the Ether, and in the other, the Water is predomi- 
nant, The former compound may be ſaid to be 
Ether ſaturated with Water ; and the latter, water ſatu- 
rated with Ether. In a fimilar manner, 1 conjecture 
that common concrete Sulphur conſiſts of vitriolic 
acid 


— 


acid saturated with phlogiſton; that the inſlammable 
gas conſiſts of phlogiſton ſaturated with acid; and 
that the acid gaſes conſiſt of acids ſaturated with water, 
and with as much phlogiſton as this compound of 
acid and water can admit; which quantity of phlogi- 
Ron I ſuppoſe to be ſo ſmall that it is barely ſuſſicient 
to raiſe the other fixed matters into the form of the 
gas, without being able to ſuppreſs the N of the 
acid on other bodies 
Iron, zinc, and tin are the metals from which inflam- 
mable gaſes are moſt eaſily produced: and the 
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reaſon ſeems to be, that theſe metals, when diffolve> 


by acids, do moſt eafily part with their phlogiſton Y 
as chemiſts have often obſerved. 

112. We have feen that inffammable gaſes have 
been formed from the vitriolic, the marine, the vege- 
| table, and the animal acids. But no method has 
been yet dil ſcovered of mak ing a perfect inflam- 
mable gas, by means of the nitrous acid; although 
we have ſeen ſome approaches towards it. F. G5 e. Ne- 
vertheleſs, che nitrous gas deſcribed in chap. 10 feems 
to be ſomewhat analogous in its compoſition to inflam- 
mable gaſes. For it is formed from the nitrous acid 
acting upon metallic and phlogiſtic ſubſtances; and 
the combination of phlogiſton with the acid ſeems to 
be ſo intimate, that it ſupreſſes the peculiar qualities 
of the acid; for this gas docs not act as an acid upon 
metals or other ſubſtances; neither does it very rea- 
dily mix with warer, without the contact of air; and 
even when abſorbed by water, it does not conmuni- 
_ cate its acid qualities to this ftuid, till the water has 
been expoſed to air, which decompoſes the gas, and 
dilengages its acid, as Mr, Bewley has well obſcrved. 
THE phlogitton however in this gas does not ſeem to 


be 
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be ſo perfectly combined, as it is in the inflammable 
_ gaſes; for the following reaſons, 1. This gas is con- 

fiderable denſer, being, as Dr. Prieſily thinks, + as 
heavy as Common air is; whereas, inilammable gas is 
greatly lighter. 2. It mixes more readily w ith water 
than i5flammable gas does. 3. It parts with its phlo- 
giſton more eaſily ; for, no ſooner does common air 
8 come in contact with this nitrous gas, than the phlogi- 
ſton ſeems to paſs from the latter to the former; and 
the acid thus deprived of the ſubſtance to which it 
_ owed its elaſtic ſtate, is changed into a liquid concrete 
or ſpirit of nitre. Although therefore nitrous gas 
does not inflame, it appears to undergo a proceſs 
ſimilar to that of inflammation, namely, a ſepara- 
tion of its phlogiſton by means of common air: 
And the difference ſeems to be, that the phlogiſton is 
ſo firmly combined in the inflammable gaſes, that it 
cannot be ſeparated from its acid by the ſuperior at- 
traction of the acid of the air, till its activity has been 
encreaſed by ignition; whereas it is ſo much leſs per- | 
fectly combined with the acid in the nitrous gas, that A 
it is ſeparated immediately upon mixture with com- | 
mon air. Chemiſtry furniſhes many inſtances of two 
compounds conſiſting of ſimilar ingredients, or even 
of the ſame ingredients differently proportioned, in one 
of which a decompaſition may be effected by a given 
ſubſtance without heat, and in the other only by means 
of heat. Thus ſulphur which is a compound of vi- 
triolic acid and phlogiſton cannot be decompounded 
by nitre without ignition; whereas volatile ſulphure- 
ous acid, which alſo conſiſts of vitriolic acid and phlo- 
giſton together with water, may be dephlogiſticated 
by nitre with little or no heat. 


Perhaps 


F Prieſtly, exper, and obſerv. I. 119. 
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Perhaps the reaſon of the combination of the two 
principal component parts in nitrous gas being leſs 
perfect in this than in inflammable gas, may be, that 
ia the former gas a larger portion of water may adhere 
to the acid, and prevent the intimacy of the combi- 
nation of the acid with the phlogiſton. 
If this conjecture be juſt, the nitrous gas ſeems to 
be in an intermediate ſtate between the acid and the 
inflammable- gaſes. 
113. All thoſe Gaſes, which occaſions a precipitation 
in lime-water, have been generally comprehended un- 
der one claſs, and diſtinguiſhed by the name of Fixed 
Air. We have ſeen that they are produced from many 
different materials; 1. From calcarevus, and from 
| alkaline ſubſtances, by acids, or by fire: 2. From 
any combuſtible animal or vegetable matters, when 
decompoſed by fire, or by concentrated acids; 3. 
From animal and vegetable matters onderoing 
the vinous and other fermentations ; 4. From metallic 
calxes by reduction, and ſometimes merely by heat, 
as from minium ; g. From ſome metallic and other 
ſalts, as green vitriol, by fire; 6. From air decom- 
poſed by electricity 7. Fromthe deflagratiohn of nitte; 
and in the various proceſſes in which che nitrous acid 
is nſec to produce gaſes; 8. From ſubterranean pits 
and caverns; 9. From mineral waters ; and probably, 
they may be obtained from many other ſubſtances. So 
many inſtances occur of this gas being produced in 
proceſſes where the nitrous acid is employed, as in all 
thole for obtaining deflagrating air, and nitrous gas 
(excepting where this 15 produced by means of metals) 
that Dr. r. Pref is inclincd to think that this gas iS a 
tion of the nitrous acid, together with ſomie 
portion 


| the theory of eaſe. ">. 
portion of phlogiſton and earth. Exper. and ob/. III. 
28. 


But the variety of ſubſtances which yield theſe 
eaſes capable of precipitating the earth diſſolved in 


me- water, is ſufficient to create a ſuſpicion that 


there may be conſiderable differences among them. 
Perhaps, in all theſe gaſes, the ſame mode of 


combinagon prevails, although the acids which 
enter into their compolition be different. From the 


above enumeration of the various modes of pro- 


duction, almoſt any acid ſeems capable of aſſuming 
this ſtate. But the animal and vegetable acids appear 


to be peculiarly diſpoſed to form this gas. For, we 
find from the experiments of Dr. Hales that a very 
large proportion of the vegetable eflential ſalts, as 
tartar, were converted into a gas of this kind; when 
theſe ſaline ſubſtances were decompoſed by fire. In 


this operation, the acid diſappears, and a gas is pro- 


duced. For, no gas exiſts in the tartar, or other ve- 
getable body, till it be decompoſed; the gas being a 


peculiar compound formed, during the decompoſition 
of the vegetable matters, by fire, or by fermentation. 
Thus when tartar is united with fixed alkali, as in 


making Rochclle ſalt, the alkali, if cauſtic, is not | 
rendered mild; and, on the contrary, if mild, it's gas 


will be expelled by the tartar, as it would by any other 


acid. But, if this compound of tartar and cauſtic al- 


Kali, in which no gas exiits, be burnt, the alkali re- 
maining will be mild and efferveſcent; for the acid 
of the tartar being decompoked by the fire, and formed 
into a gas, a part of it will unite with the alkaline re- 


ſiduum. And if ſeep, which conſiſts of cauſtic alkali 
and oil, be burnt, the alkali will be rendered mild, 
OT | by 
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by the gas formed from the acid, which is known to 
be a conſlituent part of oil. Alſo, if nitre be defla- 
grated with any animal or vegetable matter, the alka- 

line baſis of the nitre, which i is cauſtic, while com- 

bined with the nitrous acid, will be rendered mild; 
Whereas, if nitre be deflagrated with zinc or tin, which 
metals contain no acid capable ot converſion into gas, 
the alkaline reſiduum will be cauſtic, 

Is not the gas, which, in the above inſtances, renders 
the cauſtic alkalis mild, the reſult of ſome combinati- 
on principally of acid and phlogiſton; both which 
ſubſtances ore known to be contained in all undecom- 


poſed vegetable and animal matters? This compound 
however, ſeems to be ready formed, or nearly fo, in all 


native calcareous bodies; and nothing is required, but 
the ad ion of any acid, to diſengage it from theſe bo- 
dies, and to give to it the elaltie Aale of gas. Does 


not the gas of theſe bodies proceed from Toms ſmall. 


Portion of animal acid and phlogiſton adhering to 


marine ſhclls and other animal reliques; for ſuch all 


calcareous bodies probably have been? And what 
are the natural changes which have effected that pe- 


culiar combination, which in all other inſtances, re- 


quircs the aid of fire, or of concentrated acids, or of fer- 
mentation? | 
Ihc exiſtence of an acid, as a : principal conſtituent 
and even as the predominant part of this gas is indi- 
cated by ſeveral of its properties. 


4 1 ks EY ok of a mild alkali i by delagration of nitre with. 
charcoal, and of a cauſtic alkali by deflagration of nitre with filings 
of zinc or of iron, has been allo noticed by Mr. Bewly. Appendix 
Di, Priefllys third Vol. of Exper. and Obſerv. p. 387. 


For it acts upon 
and diſſolves leycral earthy and metallic ſubſtances. "© 
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ſt unites with alkalis and calcareous earths, and it 
effects their cryſtallization, as other acids do; it may 
be diſengaged from theſe alkaline ſubſtances by ſtrong- 
cr acids; it has been found to change the blue colour 
of the juices of turnſole, of litmus, and of cyanus to 
red ; I and it gives an acid taſte to the water which 
it impregnates. 


The acid quality however of this gas is very weak, 


being counteracted by its combination with phlogiſton, 
which in many inſtances is known to leſſen or deſtroy 


the activity of acids, and which, as we have conjec- 


tured, is a neceſſary conſtituent part of every gas. J he 
quantity of phlogiſton! in this gas, although ſuſſficient 
to weaken its acidity does not however ſeem to be con- 


ſiderable; for the gas retains much of its acid qua! lity ; 
it is pretty re2dily abſorbed by water; and it has a 


greater denſity than ſome of the other more perſect 


gaſes. Theſe reaſons alſo render it not improvabie, 


that ſome portion of water may adhere to the acid, in 
the compoſ:ion of this gas. + 
114. Of all the gaſes Air being of the greateſt impor- 


tance to us, has been moſt attentive! y examined by 
Philoto Phers: 5 


t Dri Prieſtly's exper. and obf. Vol. I. 31. and Appendix 
to vol. II. by Mr. Bewley. 


+ Signor Fontana, in a treatiſe entitled, Ricerche Fiſtthe fora 


Paria Fla, attributes the acidiiy of the gas extracted from cal- 


careous ſubſtatices by means of oil of vitriol, to the acid employed, 
which he thinks may be diflolved in this gas, as water is diffolved, 


in air, ſo intimately that neither water nor alkali can ſeparate this 


acid; and he thinks that to this volatalized and combined vitriolic 


acid, the fixed air owes its medicinal qualities, the acid being thus 


rendered more efficacious than in its proper uncumbined itate. And 


allo Sigaor LLandrian, in his Ricerche Fiſiche intorno allo ſalubrita 


dell aria, maintains that the eine of this gas proceeds from the 
acid 
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96 Conjectures and ſpeculations concerning 
Philoſophers: a knowledge however of its conſtit u- 
tion, and of the mode of operation by which its ſingy- 
lar effects are produced, has nevertheleſs eluded their in- 
quiries. The exiſtence of an acid, and even of the 
nitrous acid in air, has indeed been ſuſpected chiefly 
from the neceſſity of air, towards the formation of nitre, 
and from the analogous effects of nitre and of air in 
promoting inflammation. But, no experiments have 
been ever adduced to give ſuch ſolidity to this conjec- 
ture, as thoſe of Dr. Prieſtiy, which ſhew that a fluid 
reſembling air in all its known properties, and even 
poſeſſing the peculiar properties of air in a much more 
eminent degree than the atmoſpherical air itſelf does, 
may be produced from nitrous acid mixed with almoſt 
any unphlogiſticated earth. If therefore it be admit- 
ed that nitrous acid is one of the principal component 
parts of air, as theſe experiments ſeem to indicate, 
we have advanced a conſiderable ſtep towards a know- 
ledge of the conſtitution of the atmoſpherical fluid. 
That phlogiſton enters into the compoſition of the 
_ gaſes above deſcribed, can ſcarcely be doubted. It 

ſeems even to be eſſential in the formation of theſe 
compounds. Neither can we doubt that ſome por- 
tion of phlogiſton is contained in air; eſpecially if we 
admit that phlopiſton is a conſtituent part of the ni- 
trous acid itſelf, as our beſt theoretical chemiſts main- 
tain, 


9 
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acid employed in the operation of extricating it, and that when 
this gas is mixed with vapour of volatile alkali, an ammonical 
ſalt will be formed, which will be found to be a vitriolic ammoviac, 
it the acid employed had been the vitriolic, and a deflagrating ni- 
rrous ammoniae, if nitrous acid had been employed. Mr. Bealey, 
zn the Appendix to Dr. Prieſtly's ſecond volume of experiments 
and obſervations, very well defends the opinion of the intrinſic a- 
cidity of this gas, and ſhews that the ſame ind cations of acidity 
are ex hibited by gaſes extricated from volatile alkali and from mag- 
neſia, by heat, and without intervention of any foreign acid, 


the theory of Gaſes. gf 
W tain; Perhaps, indeed, no more phlogiſton enters 
into the compoſition of air than is contained in the ni- 
W trous acid; and this portion may be ſufficient for the 
I purpoſe of forming air, when the neceſſary degree of 
heat is applied. For, when any phlogiſtic ſubſtance 
is added to nitrous acid, and heat. is applied to the 
mixture, not air, but other combinations, as the ni- 
rous gas, and the gas which occaſions a precipitation 
in lime-water, are produced. Perhaps then, air may 
be nothing elſe than nitrous acid converted into the 


for making dellagrating air, may be only uſeful, by 
8 communicating a more intenſe heat, than can be given 


23 evaporated with a very moderate heat; but, when 
mixed with certain carthy ſubſtances, its adheſion to 


forming ir into gas. Perhaps, indeed, in the violent 


the latter may adhere, and even be a neceſſary part in 
the combination of air, * 


air is compounded of nitrous acid and earth, and even that the 


has made ſome experiments to aſcertain the proportion of nitrous 
FX 41d contained in the deflagrating air made from ſpirit of nitre and 
earth; but he does not conſider them to be decifive, The queſ. 


maintains that this deflagrating air conſiſts of ſpirit of nitre only, 
without earth or phlogiſton; and he ſupports his opinion by the 
following experiments. He converted a given quantity of mer- 
cury into red precipitate; and he expelled from this preparation 
* f | or © 


TE theſe may be ſuch, that it may bear a much greater 
degree of heat, before it be converted into vapour; 
4 land this degree may be ſufficient for the purpoſe of 


WT ate of gas; and the earths employed in the proceſs 


to the acid alone; for, this acid, when alone, can be 


— 


ſeparation of the acid from the earth, ſome portion of 


7 . So 
* Dr. Prieſtly is induced to think from his experiments that 


1 | preateſt part of it confiſts of the latter ſubſtance, III. 42. He 


tion is important but ſeems difficult of ſolution. The Abbe Fontana 


98 Conjefures and ſpeculations ecucerning 
body, conſiſting chictly of the nitrous acid; and Dr. 
theleſs, ir muſt be confeſſed, that the proof of the ni. 


trous acid being a component part of atmoſpherical 
air cannot be confidered as compleat, till we can ſhew 


and vegetable acids. For, while theſe ſubſtances are 2 
employed in the compoſitions for producing nitre, x 
ſuſpicion may remain of the convertibility of theſe 
acids into the nitrous. And although we admit, that 


produced by means of the nitrous acid; yet I doubt 
whether we can with certainty infer, that che ſame Wn. 


: 2 ver * ſtrong reſemblance between two compounds 


mercury. It appears then there muſt have been ſome error in the 


| appearance of white clouds, and at laſt ſubſides. 


So far then it ſeems p: obable, that air is a compound 


Prieftly's experiments have aſcertained the poſſibility of 
a ſimilar ſluid being formed from that acid. Never: 


a method of obtaining nitrous acid from air without Wl 
the intervention of ſubſtances containing the animal 


the ſame properties, ſo far as we have examined them, 27 
may be found in the atmoſpherical air, and in the air Wi 


acid enters into the compoſirion cf theſe two airs. For, 
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as much air as he could. Then he revived the mercury of the 


remaining precipitate, and found that the quantity obtained was A | 


equal to the quantity of mercury originally employed. Dr. Prieſtly 1 


has repeated the experiment; and found that there was a lo 
of about 1-IIth part of the employed mercury: And Mr. Ma- 
gellan, repeating the ſame experiment, loft about 1-3d of the 


Abbe's experiments; but the experiments of Dr. Prieſtly and of 
Mr. Magellan are not applied by theſe gentlemen to aſcertain the 
quantity of earth actually converted into air; neither do I think 
that they prove, that any earth enters into the compoſition of tho 
air ; for in all the productions of air by heat, the riſing air ele- 
vates a great deal of earth mechanically, or by truſion, from the 'Y 
earthy ſubſtances in the retort; and this earth, not being diſſolved, Þ 
but only ſuſpended in the air, renders the air turbid, gives de =. 


the theory of gaſes. . 
may ariſe from the ſimilarity of the combination, al- 
tough a component part of one compound may be 5 
of a different ſpecies from the analogous component 

part in the other compound. Thus we have ſeen 

that inflammable gaſes, ſimilar in their properties, ſo 

1 far as we have examined them, conſiſt of very differ- 

W cnt acids, the vitriolic, the marine, the vegetable, and, 

the animal. And we have alſo ſeen that thoſe gaſes, | 
which, from their ſimilarity of properties hitherto 
diſcovered, have been conſidered as being of the ſame 

. kind, and diſtinguiſhed by the ſame name, Fixed air, 

WT ace ſimilar compounds, conſiſling of very different 

acids. | | 
The queſtion then ſeems to remain undecided, whe- 
ther the acid of the air and. of nitre be e the 
1 fame, Perhaps indeed the differences of acids them- 
fees may depend merely on ſome difference of com- 
bination, and that the acid part is univerſally the. 
ſame in all, according to the doctrine advanced by 
Stabl, and maintained by many chemiſts. Much elu- 
cidation may be expected upon this ſubject from Mr. 
Lavviſſer, who has announced a Treatiſe on the zotal 
decompoſi tion of three mineral acids; and from Mr. 
IWeulfe, who (as Dr. Prieſtly informs us) + has diſco- 
vered methods of converting marine acid into the 
nitrous, and of converting nitrous acid into the ma- 
' Tine, But if the ſpecies of acid contained in the air 
be not compleatly aſcertained, we cannot doubt that 
ſome acid is one of the principal conſtitutent parts of 
this fluid, as well as of the ſeveral gaſes above men- 
tioned ; And we muſt at the fame time admit the 
5 Ha 2. greater 


7 Exper. and obſerr. yol, II. 161, | | 


yoo Cm eures and ſpeculations concerning 
mM greater probability of this acid being the nitrous s than 
N any other which we know. | Fs 
; 115. However imperfect our knowledge of the con- 
4 Klitution of the atmoſphere may ſeem; the explanation 
ii 2 5 „„ of 


— 


2 : JT 
— wee FED 


I The opinion which 1 have here maintained, that moſt of the Wl 
| known gaſes conſiſt principally of acid and phlogiſton, was ſug- Wi 
ceſted in the notes which I added to the firſt Engliſh Edition of the 
Dictionary of Chemiſtry publiſhed in 1771, Thus at the Article 
Fiæxable Air are the following paſſages. * Have not the fluids ſe- 
«© parable from alkaline and metallic ſubſtances ſome avalogy with 
acids? Like acide, they readiiy zaite with, and effect the cy 
tallization of thoſe (alkaline) ſubſtances. As a weaker acid is 
d extricated from thoſe ſubſtances by a ſronger, ſo is this (fixable) 
. air by alt known acids. Are not the elaſtic Tluids, produced by 
„ the Deflagration of Nitre; and by the combuſtion, or alkalization 
of tartay, and of other wegetable acid ſalts, formed from the acid: 
Sens of thefe ſubſtances combined with the i» flammable principle?“ 3 
— A permanently elaſtic Fluid or ſizable Air is produced by 
wn 4 Atwatin of nitroxs acid with any inflammable ſubſtance. In *Y 
* this operation the acid diſappears and an elaſtic vapour is pro- 3 

75 duced; May we not thence infer, that the acid is converted by L 
„ combination with ſome other ſubſiance, probably with the 13. 2 

Hamm able matter, or by decompoſition of its own ſubſtance, into | 

« elaſtic vapour,” ( J. page 36.) And in a note to the Arti- 
ele Mineral Naters, it is ſaid; Does not the ſolution of calear- 
os earths by fixable air confirm a conjecture concerning the ana- . | 
« logy of this vapour with acids?“ (vol. I. p. 838.) Since the 4 
publication of that work this opinion has been further confirmed by 
many of the new facts which have been diſcovered 3 and the acid 
quality of the Gas called F ixed Air has been noticed by other later i 
writers. Thus . Bergman, as Dr. Prieſtly informs us. (Exp. and 
Oi, Vol. I. p. 31.) is induced ſrom the efiects of this gas on the 
colour of vegetable flowers, to conſider it as an acid, and to call it 
the Aerial acid. And Mr. William Beewley has added an Appendi: Wi 
to Dr. Prieſily? s ſecond volume, entitied, “ Experiments and Ob- » 
« ſervations tending to prove that Fixed Air is the vapour of 2 b 
particular acid.” Mr. Bewley diſtinguiſhes this Tluid 5 che ll 
4 name of Lk Acid. 1 


6 
ec 
4 


ide theory of gat. tot 
6f the ſingular properties of the air in maintaining 
fire aud the reſpiration of animals, in diminiſhing ni- 
ttous gas, imcalcining metals, and in being diminiſhed 
by the various means already deſcribed, will be at- 
tended with more difficulty and obſcurity. The way 
to truth, however, muſt be felt for, when it cannot be 
ſeen; and, n we proceed 1 in our conjec- 
tures. 

We may perceive, that almoſt all the chemical 
5 . which happen to bodies are the reſult of de- 
compoſitions, occaſioned chiefly by che application of 
ſubſtances, whoſe attraction to ſome of the parts of 

theſe bodies is ſtronger than the attraction of the 
parts to each Ger. This general obſervation has 
been applied to explain the effects of air. It has been 
ſuppoſed that air, or its acid, have a ſtronger attrac- 
tion to phlogiſton than any other ſubſtance; and con- 
5 ſequently, that, where any inflammable ignited body 


is expoſed to air, the Phlogiſton leaves this body 3 and 
unites with the air, 


The deflagration of nitre is alſo explained by ſup- 
: poſing that the nitrous acid poſſeſſes an attraction to 
pblogiſton ſuperior to that of the parts of the inflam- 
mable body employed, And the Detonation of Ful- 
minating Gaſes ſeems to proceed from the ſudden con- 
verſion of acid, together probably. with ſome phlo- 
giſton, into Gas, as has been already ſuggeſted. 
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The calcination o metals is conſidered by chemiſts 
as a flow combuſtion ; and the air is ſuppoſed to ope - 
rate in the ſame manner as in other combuſtions. 
Reſpiration is repreſented by Dr. Priftly as a phlo- 
| ciſtic proceſs, in which the phlogiſton, with which 
the animal ſyſtem abounds, is diſcharged from the 


r 


108 Conjectures and ſpeculations concerning 
lood by the lungs, and combines with the air. 
Phil. Tranſ.) 

Dr. Prieftly alſo conſiders the effects of mixing ni- 
trous gas with air as a phlogiſtic proceſs, in which 
the air deprives the gas of its phlogiſton; and he ſup- 

Poſes, that, in all thoſe inſtances where air is dimi- 

niſhed by liver of ſulphur and other phlogiſtic ſubſtan- 

ces, the air attracts and combines with the phlogiſton- 
of theſe ſubſtances, and becomes wy nin 

cated. 5 

If it ſh Juld be aſked why the phlogiſion of inflam- 
mable bodies cannot be ſeparated without heat and 
even ignition; whereas this phlogiſton may be ſe⸗ 

parated from nitrous gas, from the blood in reſpira- 
tion, from liver of ſulghuly” and other phlogiltic bo- 
dies, merely by contact of air; may we not anſwer, 
rhat, in the latter inſtances, the phlogiſton is but 

{lightly attached, and eaſily ſeparated ; whereas, in 
inilammable bodies, it is ſo intimately combined, that 

it cannot be ſeparated, till the parts of theſe bodies 

have been thrown into violent agitation by heat, their 
coheſion diminiſhed, the volatility and activity of the 
phlogiſton encreaſed, and its combination with air 
thus facilitated? And may not the intenſe heat, flame, 
and other effects of burning bodies, proceed from the 
agitation excited among their moſt active parts, from 

the violence with which they are torn aſunder from 5 

each other, and from the rapidity with which the mi— 
nute and elaſtic particles of air and phlogiſton ruſn 

into union? For, in what does beat conſiſt, but in 

the exceedingly quick vibrations of the particles of 
burning bodies; or lig hl, but in the extreme rapidity 
and force with which the moſt active particles are 

_ thrown from the ſurfaces of theſe bodies? 


the theory of gaſes _ 
If it ſhould be aſked, why the air, which is ſaid 
to be a combination of nitrous acid; or, at leaſt, 
why deflagrating air, which is produced from that 
acid, ſhould take phlogiſton from nitrous gas, which 
is alſo formed principally from nitrous acid; may we 
not anſwer, that, although each of theſe fluids con- 
tiain, in their compoſition, nitrous acid; yet they are 
very different combinations? For, it the nitrous. 
gas contain, as has been above conjectured, a conſi- 
derable portion of water in its com pofſition, its at- 
traction to phlogiſton will be thereby ſo weakened, 
that air may be able to deprive it of this eſſential 
part to its elaſtic ſtate; while the other parts in the 
compoſition of this nitrous gas, the acid and the wa- 
ter, ſhall be condenſed and ann to the ſtate of li- 
quid nitrous acic. 
Whence proceeds the heat that is obſcrved upon 
the mixture of nitrous gas with air? May it not be 
a neceffary conſequence of the condenſation which | 
inflaody happens upon the mixture of theſe two fluids? 
For, is it not an univerſal rule, that cold is produced 
by the expanſion of bodies into a rarer ſtate ; and 
heat by their condenſation? Hence the cold pro- 
duced during the evaporation of fluids, and during 
| the rarefaction of air, by means of the air- pump; 
and hence the heat which is communicated by va- 
pours during their condenſation, which has been ob- 
ſerved to be much greater than can be communicated 
by an equal quantity of any concrete matter heated o 
the ſame temperature. 
Hence alſo the heat that is obſerved to accompany 
Fogs which are nothing but condenſed vapours. Are 
not the other Asiens of air, and condenſations 
or. elaſtic fuids alſo accompanied with heat? 


hence 


— 
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Whence proceeds the gas which is produced in 


combuſtion, and which is of the kind that occaſions | 
2 precipitation in lime-wa'er ? From the air itſelf, the 


more fixed and denſe part being precipitated, as Dr. 
Prieſtly is inclined to think; or from the burn- 
ing body? We know that a gas of this kind may be 


obtained by analyſing any vegetable or animal inflam- 


mable ſubſtance. Charcoal indeed, when expoled to 


ſolar heat in Vacuo, was found by Dr. Prieſtly not to 
yield any gas. But this charcoal ſuffered no decom- 


poſition ; whereas by burning, the component parts 
of a body are ſeparated, and new combinations niay 


take place. Perhaps then, this gas may be the re- 
ſult of a combination between the acid of the in- 


flammable body and a ſufficient quantity of phlo- 


giſton to form it into a gas of this kind. For, all 
combuſtible bodies, excepting metals, are compounds : 


conſiſting of acid and phlogiſton, together with wa- 
ter and earth, Now, what becomes of the acid, : 


while theſe bodies are burnt; for they are not to be 


found after combuſtion. excepting the very fixed acids 
of ſulphur and of phoſphorus ? But is any gas formed 


during the combuſtion of theſe two ſubſtances? Cer- 


rainly, when ſulphur is burnt, no precipitation is pro- 


duced in lime- water. Dr. Prieftly indeed attributes 


this effect to the precipitate being rediſſolved by the 


acid of the ſulphur. When ſpirit of wine, which ap- 
pears to be a combination of vegetable acid with phlo- 


giſton, is burnt under a bell, the vapour being con- 
denſed and collected! 18 found to be nothing but wa- 


ter; while a gas is produced capable of occafioning. 


cined, no gas of this kind appears. Is the reaſon, 


that metals contain no o acid; or that the gas is ab- 


 forbed 
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ſorbed by the calcining metal, as faſt as it is preci- | 
pitated from the air, as Dr, Ty ingenioully al- 
ledges ? 

Whether this gas be oredipiteted from air; or be a 
compound formed from the decompoſed parts of the 
burning; ſabſtance; or laſtly, whether ſome gas of 
this kind may not proceed from both theſe cauſes ; we 
can ſcarcely doubt that ſome part of the air is ſepa- 
; rated, fixed and combined with the burning ſubſtance. 
W This opinion is confirmed by the following experi- 
ment of M. Lavonſſer. 5 
= He burnt ſome phoſphorus under a bell, the inner 
W ſurface of which was moiſtened with diſtilled water, 
The quantity of phoſphorus employed was 186 grains, 
Of this quantity thirty two grains remained uncon- 
£ ſumed; and therefore 154 grains were actually burnt. 
W The vapours of the phoſphoric acid being condenſed 
by means of the water, with which the bell was moiſt- 
ened, were collected and weighed | in a narrow necked 
veſſel; by which means he found, that the weight of 
the acid liquor exceeded the weight of an equal bulk 
cf diſtilled water 24 1 grains, which was 89 f grains 
more than the quantity of phoſphorus conſumed, 
Theſe 89 f grains could not be water attracted by the 
phoſphoric acid, for the ſpecific gravity of the liquor 
could not have been thereby encreaſed ; and he there- 
fore infers that this acceſſion of matter muſt have 
proceeded from ſome part of the air r abſorbed during by 


= the combuſtion, 
= 116. Does not the encreaſe of weight g eh by N 
calcining metals proceed from abſorption of air, or part 
of air?-And- may we not attribute to this cauſe the 
 deflagrating airs obtained by heat, from minium and 


| from calcined Mercury, and more abundantly from Mi- 
= 5 211412 
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binations of acid and metallic eatth? And is hot alſo 


bination of plilogiſton with the adhering acid, form- 


ing 2 gas; and with the metallic eartirs forming the 
revived meta] 3 ns 
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gaſes, by water abſorbing part of theſe gaſes, deſervts 
well to be examined and aſcertained; If confirmed 
by further experiments, does it not ſhew the poſibiliry 
of air being formed from other arids, be fides the ni- 
trous; and that the properties of gaſes depend muel 
on the kind of combination, as we vids e con- 
| jeftured ? : 
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106 Conjefures and Preculatiehs concerning 
num and vitriolic acid, as has been already {hewn in 


chap. II. $30? As the preparation of minium, and 


of calcined mercury, requires a longer expoſure to the 
action of fite and of air, than that of other calres; 
theſe metallic matters may perhaps be more perfectly 
1 of ſuperabundant phlogiſton, or may abſorb 

a greater quantity of air, than the ealxes of other 


metals. And if the abſotbed air cannot be generally 
expelled from metallic calxes, by heat, or by ſtrong 
acids, t may not the reaſon be, that its attraction to theſe 


calxes is ſo powerful, that it cannot be ſepatated, but 


by addition of ſome inflammable matter; the phlo- 
giſton of which unices, at once; with the metallic 
| earth reducing this to the ſtate of metal, and with 


the combined air or acid, with which it forms the 


gas that is produced during. the revival "F metallic 
 calxes ? A N 


Are not ietallic precipitates, 13 well as ealxes; com- 


the revival of theſe precipitates effected by the com. 


j 


117. The 19 ion of A feb th various  faBfition 


118. We may eaſily. perceive that many im- 

portant queſtions remain to be aſcertained on the ſub- 

_ zett of this Treatiſe : And although we are highly in- 
uche 


* 
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debted to the ſagacity and induſtry of thoſe-philoſo- 
phers who have led us to our preſent ſtate of know- 
ledge, vet much more remains undiſcovered to excite 
and recompenſe the zeal of future labourers in this. 
fertile and till new field of ſcience, 
When we ſhall be able more fully to aſcertain the 
conſtituent parts of the ſeveral gaſes, the proportions 
of theſe parts to each other, and the circumſtances 
= neceflary to each mode of combination; we may then 
. perhaps be enabled to diſcover the various compoſi- 
tions, decompoſitions and changes, which theſe fluids 
{offer in many natural operations. We may alſo per- 
haps be enabled to trace the ſame ſubſtance through 
a great variety of forms. Fhus we may obſerve the 
_ oily concrete acid of vegetables undergoing its various 
changes through the different periods of vegetable 
life, from ſeed to maturity; till, by the vinous or 
other fermentations, or by fire, it be diſengaged from 
the more fixed earthy matters, which were united 
with it, be more perfectly combined with phlogiſton, 
and aſſume an elaſtic ſtate. In this ſtate, it may mi 
with the atmoſphere, and conduce perhaps to Conde 
of the ſtriking phenomena which happen there ; or, 
be abſorbed by the humid vapours floating 1 in the 
air, and again conveyed by theſe vapours into the 
organs of vegetables; thus paſling along in that per- 
petual circulation of matter, which makes the Pro- 
teus-like Face of Nature, an ever - varying, pleaſing 
Picture. Or, if we may be indulged a bolder imagi- 
nation where our yet infant experience cannot reach 3 
may not theſe fluids, while raiſed into their be * 
ſtate, undergo other changes? may they not be 
further decompoſed and rarified into the moſt ac- 


tive 


18 naher and rum Ke . 
tive elements, ahd while they advance in this pro- 
greſſion of ſubtilization, may they not acquire new 

Properties and powers, unknown in deniſe matter? may 
they not then pervade all bodies; and become that 
| highly elaſtic ethereal medium, which, as Sir Jſaac 
New ton conjectures; may be the immediate cauſe of 
| Coheſion © of Gravitation; of Flefirical Attraction and 
Repulfion ; of the Refraction, Reflexion, Inflexion, and 
the heat of the rays of Light ; of Animal Motion and 
of Animal r Pls Gs | 5 


4 Optics, Gn. 1g. 20. 21. A 23. 24 and Principia Mather 
. J. dry | | 
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